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From the Institute of Physiology, University of Lund, Lund, 
Sweden. 


Potentiation of Histamine Effects by Hista- 
minase Inhibitors in the Unanaesthetized 
Guinea-Pig. 


By 
H. WESTLING. 
Received 23 August 1956. 


Since the discovery of a histamine-inactivating enzyme in 
certain tissues (Eustis 1915, Brest 1929) it has been inferred 
that this enzyme (histaminase or diamine oxidase) is active in 
the living animal, protecting it from the injurious effects of 
injected or liberated histamine. However, few experiments have 
been made to elucidate the réle of histaminase for histamine 
sensitivity. MoncarR and Scuitp (1951) and ARUNLAKSHANA, 
Moncar and ScuHiLp (1954) showed that inhibitors of histaminase 
potentiated the effects of histamine on isolated smooth muscle 
preparations. The tissues studied were the ileum, uterus and 
tracheal musculature from guinea-pigs. ARUNLAKSHANA et al. 
produced evidence that the potentiating effect of these substances 
was due to their inhibitory action on histaminase. Little is known 
about the effect of histaminase inhibitors on the histamine sensi- 
tivity of the whole animal. LINDELL and Wust ine (1954) found 
that stilbamidine, which is a histaminase inhibitor in vitro, 
potentiated the bronchoconstriction caused by histamine, given 
by vein to guinea-pigs. 

ScHAYER (1952 and 1953) and ScuayverR, KENNEDY and SMILEY 
(1953) studied the radioactive products occurring in the urine of 
various species after injection of “C-labelled histamine. Chromato- 
graphical separation of the radioactive substances revealed that 
most of the histamine injected had been metabolized. One of 
the metabolic end-products was presumably formed by the action 
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of diamine oxidase, since this product was not found in the urine 
of animals, which had been injected with histaminase inhibitors 
prior to the injection of histamine. These experiments provide 
evidence for the action of histaminase on histamine in the living 
animal. 

In the present work the effects of histaminase inhibitors on 
the histamine sensitivity of guinea-pigs were studied. Anaesthetics 
may cause conspicuous changes in the response to histamine of 
the whole animal as well as of isolated smooth muscle preparations 
(FELDBERG and Scuitr 1930, Farmer 1938). Therefore it was 
decided to study histamine effects on animals not under anaes- 
thesia, even if this would necessitate the use of crude methods 
for measuring the histamine sensitivity. 


Experimental. 


Animals. Male guinea-pigs, weighing 225—325 grams, were obtained 
from a local dealer, keeping a closed colony. 7 to 9 animals were kept 
in one cage in an air-conditioned room at 20° C. The food consisted 
of beets, turnips, hay and corn ad libitum. The animals were observed 
for at least one week before being used for experiments. The guinea- 
pigs were weighed at least once a week, on the morning before each 
experiment. Animals which did not increase in weight normally as 
compared with cage-mates were excluded. 

Drugs| The following drugs were used: histamine acid phosphate, 
acetylcholine chloride, carbaminoylcholine chloride, 6-2-pyridylethyl- 
amine dihydrochloride, aminoguanidine bicarbonate, B,-pyrimidine 
dihydrochloride (2-methyl-4-amino-5-methylaminopyrimidine dihydro- 
chloride), hydroxylamine sulphate, semicarbazide hydrochloride, stilb- 
amidine isethionate and 1-isonicotinylhydrazine. The values for hista- 
mine are expressed in terms of the base, while those for other drugs 
refer to the substances mentioned. 

The drugs were dissolved in 0.9 %% (w/v) saline. Unless otherwise 
stated in the text the concentrations of histamine, acetylcholine, 
carbaminoylcholine and f-2-pyridylethylamine were chosen so that a 
volume of 0.1 ml per 100 g of body weight was injected. Aminoguanidine 
bicarbonate was not sufficiently soluble in saline at room temperature 
but dissolved after warming. 

Injections. Histamine, f-2-pyridylethylamine, acetylcholine and 
carbaminoylcholine were injected subcutaneously in the dorsal midline 
between the shoulder blades. The injections were made with a 1 ml 
tuberculine syringe, graduated in 0.01 ml. The external diameter of 


1 Maltbie Chemical Co., Newark, New Jersey, U. S. A. kindly supplied the 
B-2-pyridylethylamine, Fluka AG, Buchs, St. Gallen, Switzerland the amino- 
guanidine and F. Hoffman-La Roche & Co. AG, Basel, Switzerland the B,-pyri- 
midine anc 1-isonicotinylhydrazine. 
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the needle was 0.5 mm. Histaminase inhibitors were injected sub- 
cutaneously in the lateral part of the abdomen 20—25 minutes before 
the injection of histamine, f-2-pyridylethylamine, acetylcholine or 
carbaminoylcholine. Animals not receving inhibitors were injected 
with saline subcutaneously in the same region. 


Method of Assessing Histamine Sensitivity. 


Preliminary experiments indicated that the duration of respiratory 
symptoms after a subcutaneous injection of histamine was related to 
the dose of histamine given. It was also observed that in an animal 
given histamine the respiratory frequency changed characteristically 
and that the duration of respiratory effects caused by histamine could 
be estimated by recording the rate of breathing. To illustrate the way 
in which this was done a description is first given of the effects of 
histamine on the guinea-pig. 

The dominant feature in guinea-pigs after a subcutaneous injection 
of histamine is a change in respiration which at first becomes more 
rapid. The respiratory frequency may increase up to about 160 per 
minute, the resting value being 80—90 per minute. After small doses 
this tachypnoea gradually wanes. After higher doses a stage of brady- 
pnoea ensues. When the respiratory frequency is reduced to about 
30—40 per minute, death is usually imminent. In a recovering animal 
the respiratory frequency then increases successively to the resting 
value. In some animals a second period of tachypnoea was observed 
before complete recovery. 

In a normal, resting guinea-pig the external respiratory movements 
are confined to the flanks. After histamine the movements become 
larger, the whole abdomen being involved. This occurs concomitantly 
with the changes in respiratory frequency. In the bradypnoeic stage 
chest movements are also observed and the animal assumes a charac- 
teristic position, sitting on the flexed hind legs with the fore legs ex- 
tended. The head is moved up and down due to activity of auxiliary 
respiratory muscles. Death is in most cases preceded by violent con- 
vulsions. 

Each guinea-pig was put in a small metal box, 15 cm long, 10 cm 
wide and 15 cm high. If not disturbed, the animals were very quiet 
in these boxes and usually remained motionless for hours. Observations 
were made every ten minutes, starting 10 minutes before any injection. 
The number of breaths in 15 seconds was counted, usually twice. It 
was also recorded whether the respiratory movements appeared normal 
in character or not. The duration of respiratory symptoms was taken 
to be the time between histamine injection and the last observation 
in which the animal’s breathing was abnormal in frequency. In the 
majority of experiments the frequency of respiration was restored to 
the initial value at the same time as the breathing was judged to be 
normal in character. Sometimes, however, the respiratory frequency, 
after having been increased, returned to the resting value but breathing 
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remained abnormal. In these cases the duration of respiratory symp- 
toms was taken to be the time between histamine injection and the 
last observation in which the external respiratory movements were 
judged to be abnormal. 

The response elicited by a dose of histamine in one and the same 
animal was found to be rather constant over a long period of time 
(for examples see figs. 1 and 3). This constancy was not observed in 
animals that had a loss in body weight and a deterioration of their 
general condition. It might be mentioned that the results of previous 
experiments on a particular animal were not consulted when a new 
one was being made. 

No attempt was made to grade the severity of respiratory symptoms 
by discriminating between different types of breathing, but the presence 
of “severe respiratory symptoms” was recorded. Animals showing 
laboured breathing with a frequency below 80 per minute were regarded 
as having such symptoms. 

The assessment of the duration of respiratory symptoms induced 
by injections of 6-2-pyridylethylamine, acetylcholine and carbaminoyl- 
choline were made in the same way as with histamine. Descriptions 
of the respiratory changes elicited by injections of B-2-pyridylethyl- 
amine, acetylcholine or carbaminoylcholine are given in “Results”, 

The two parasympathicomimetic drugs also caused a bradycardia. 
The heart frequency was counted by gentle palpation of the animal’s 
chest. This was done after the respiratory frequency had been counted. 
The normal heart frequency, as measured in this way, was 240—300 
per minute. The duration of bradycardia was taken to be the time 
between the injection of acetylcholine or carbaminoylcholine and the 
last observation in which the heart frequency was below 240 per minute. 


General Plan of the Experiments. 


The interval between experiments on each group of animals (7—9 
guinea-pigs) was 7 days. As a rule 8 experiments were made on each 
animal. The experiments were nearly always performed at the same 
time of the day for each group of animals. Each guinea-pig received 
an injection of histaminase inhibitor or saline before the injection of 
histamine or other bronchoconstrictor agent. The histaminase inhibitor 
and saline were as a rule given alternatingly. In some experiments 
the laboratory assistant prepared the solutions of histaminase inhibitor 
and saline so that the experimenter did not know the identity of the 
solutions until after the experiment. On such occasions the scheme 
of alternating with saline and inhibitor was abandoned and the un- 
known solutions were allocated randomly to the different animals. 
When the effects of different doses of an inhibitor were compared 
the doses were given to each animal in a random order. 


Statistical Treatment of the Data. 


Mean velues and standard errors of the means were calculated 
according to ordinary statistical methods (SNEDECoR 1948). In the 
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tables the effects of inhibitors on the duration of symptoms are usually 
given as the mean values (+ 8. E. M.) of the difference observed in 
each animal between the values with and without inhibitor. The 
statistical significance of such changes was evaluated by using the 
“Student’s” t test. The probability, P, for a difference to be caused 
by chance was obtained from the t tables of Fisher and Yates (1953). 
A difference was regarded as significant when the P value was less 


than 0.05. 


Estimation of Histamine Inactivation in Liver Extracts. 


Such estimations were made on extracts of livers from normal 
guinea-pigs, from normal guinea-pigs injected with histaminase inhi- 
bitors and from guinea-pigs which had died in a histamine shock. 
The normal guinea-pigs were killed by a blow on the head and bled 
out. Descriptions of the method used are given by WicKsELL (1949), 
Harcer and Kautson (1952) and LinpDELL and West Line (1953). 
The liver was cleaned, weighed and homogenized with Tyrode’s solu- 
tion (pH 7.4) by grinding with sand and shaking with glass beads 
for 90 minutes. The homogenate was centrifuged for 15 minutes at 
3,000 rev. per minute. The supernatant was decanted and used for 
incubation with histamine. At incubation the supernatant (diluted 
with Tyrode’s solution so that 1 g of fresh liver tissue corresponded 
to 100 ml) and histamine (to make a concentration of 0.2 ug/ml after 
mixing) were mixed thoroughly in test tubes, which were put in a 
water bath at 37.0° C. Samples were withdrawn immediately after 
mixing and after */,, 1/., 1, 2, 4 and 8 hours, heated to boiling-point 
to arrest histaminolysis and stored at — 20° C until assayed. Inhibitors 
were added to the diluted liver extract 15 minutes before the addition 
of histamine. The histamine remaining in the different samples was 
estimated by biological assay on the isolated guinea-pig ileum, 
suspended in Tyrode’s solution containing atropine (10-? g/ml). Firstly, 
it was controlled that the samples taken immediately after incubation 
contained the added amount of histamine. The other samples were 
then assayed against this zero sample, which was used as a standard. 
Histaminase inhibitors, present in the samples, might disturb the 
biological assay by potentiation. Therefore many samples were assayed 
also on pieces of guinea-pig ileum, suspended in Tyrode’s solution, 
which contained the actual inhibitor in such a concentration as to 
make the amount present in the sample negligible. The results of 
such parallel assays were not notably different. 

The values for histamine inactivating capacity are expressed as ug 
of histamine base inactivated in one hour by one gram of fresh liver. 
The figures were calculated from the sample in which about one half 
of the added histamine had been inactivated, as proposed by WICKSELL 
(1949). One liter of Tyrode’s solution contained 8.0 g NaCl, 0.2 g KCl, 
0.2 g CaCl, 0.1 g MgCl,, 1.0 g NaHCO, and 0.05 g NaH,PQ,. 


ymp- 
1 the 
were 
same 
time 
2d in 
their 
710us 
new 
oms 
sence 
wing 
rded 
uced 
oyl- 
ions 
hyl- 
Its”. 
| dia. 
nal’s 
ited. 
300 
ime 
the 
ute. 
ame 
ved 
of 
itor 
ants 
itor 
the 
2me 
un- 
als. 
red 


H. WESTLING. 


Results. 


Potentiation of the Effects of Histamine on the Respiration 
by Various Inhibitors of Histaminase. 


1. Aminoguanidine. Aminoguanidine is a powerful 
inhibitor of histaminase in vitro (ScHULER 1952). It has been 
shown to inhibit the formation of one of the metabolic products 
of histamine occurring in the urine (ScHAYER, KENNEDY and 
Smitey 1953) and it retards the metabolism of cadaverine in 
the mouse (ScHAYER, SMILEY and KENNEDY 1954). It is therefore 
considered to inhibit diamine oxidase also in the living animal. 

The toxicity of aminoguanidine for guinea-pigs has apparently 
not been studied. For the purpose of the present investigation 
it was necessary to know whether an injection of aminoguanidine 
was in itself toxic to guinea-pigs and, in particular, whether it 
had any effects on the respiration. Therefore, some guinea-pigs 
were injected with large doses of aminoguanidine subcutaneously. 
There were no immediate toxic symptoms after doses of 300, 
300 and 450 mg/kg body weight, given to three guinea-pigs, 
respectively. The respiration appeared to be unchanged in charac- 
ter and frequency. These doses had some toxic effect, however, 
since the animals lost in weight for 3—5 days after the injection. 
Injections of 10 mg/kg of aminoguanidine to three other animals 
had no effect on respiration or on the increase in body weight, 
as compared with three control animals in the same cage, which 
were injected with saline. The average increase in weight in both 
groups was 3—4 grams per animal per day. 

In initial experiments it was found that aminoguanidine, in 
a dose of 1 mg/kg subcutaneously, increased the effects of 
histamine, injected subcutaneously 20 minutes later. The results 
of these experiments, which were performed on 9 animals, are 
given in table 1. Each animal in this group received two injec- 
tions of histamine (1 mg/kg) with one week’s interval, one of 
the injections being preceded by an injection of aminoguanidine, 
the other one by saline. In the first experiment 5 of the animals 
received aminoguanidine and 4 saline, the allocation being made 
at random and the nature of the solutions being unknown to 
the experimenter. In the second experiment the pretreatment 
was reversed so that animals, which had received aminoguanidine 
in the first experiment, were now injected with saline and vice 
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Table 1. 


Duration of respiratory symptoms after 1 mg/kg of histamine subcutane- 

ously. 9 male guinea-pigs, mean initial body weight 225 grams. Histamine 

injections were preceded by either saline or aminoguanidine, 1 mg/kg, 
both given subcutaneously 20 min. before. 


| lst experiment 2nd experiment 
no. | Preceding Duration of Preceding | Duration of 
injection symptoms (min.) injection | symptoms (min. 
| 
21 aminoguanidine 90 | saline 40 
22 saline 60 |aminoguanidine| Died in hista- 
mine shock 
after 80 min. 
23 saline 50 | aminoguanidine 120 
24 aminoguanidine 110 | saline 50 
25 aminoguanidine 110 | saline 40 
26 saline 20 | aminoguanidine 120 
27 saline 50 'aminoguanidine| Died in hista- 
mine shock 
after 60 min. 
28 aminoguanidine 90 | saline 70 
29 aminoguanidine 90 saline 50 


versa. It may be seen from the table that the duration of respira- 
tory symptoms was prolonged after aminoguanidine. The mean 
duration of symptoms in the surviving seven animals was 46 + 5.7 
min. without aminoguanidine and 104 + 5.3 min. with amino- 
guanidine. The increase in duration is significant. Judging from 
the changes in respiratory frequency the symptoms were also 
more severe. Two of the experiments, in which aminoguanidine 
had been given, had a fatal outcome. At autopsy the typical 
picture of histamine poisoning was seen, 7.a. large, pale lungs, 
which did not collapse. 

The potentiating effect of different doses of aminoguanidine 
were examined in 16 animals (table 2). It was found that amino- 
guanidine had an observable potentiating effect in a dose of 
0.01 mg/kg, that is about 3 wg per animal. It was also observed 
that a dose of 0.1 mg/kg had a potentiating effect, which seemed 
to be nearly maximal. Increasing the dose from 0.1 to 10 mg/kg 
resulted in but a small further increase in duration of symptoms. 
In many animals the responses were quite the same after 0.1 
and 10 mg/kg of aminoguanidine (fig. 1). 

The degree of potentiation was studied in 6 animals, in which 
the effects of three doses of histamine (1, 2 and 3 mg/kg) were 
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Table 2. 


Effect of different doses of aminoguanidine on the duration of respiratory 

symptoms caused by 1 mg/kg of histamine. 16 male guinea-pigs, mean 

initial body weight 250 g. Mean values for increase per animal + S. E. M. 

are given. The P value indicates the probability that an increase was 

caused by chance. The mean duration of symptoms in ali animals after 

1 mg/kg of histamine, preceded by saline, was 58 + 2.1 min. (48 exp.). 
No guinea-pig died after histamine without aminoguanidine. 


| | 


| 
| 0.001 0.01 | O1 | 1.0 10 


Dose of aminoguanidine 


| 

(mg/kg) | 

| | | | 

Mean increase in duration | 
4.6 24 + 4.1] 49 + 6.31 45 + 4.1] 59 + 9.0! 
No. of animals ............. ke. 
<0.1 | < 0.003) < 0.001) < 0.001) < 0.001] 
> 0.05 | | 


compared with that of 1 mg/kg of histamine given 20 minutes 
after 1 mg/kg of aminoguanidine (table 3). The increase in 
histamine dosage was effected by increasing the volume injected, 
the concentration of the solution being kept constant. It may be 
seen that a previous injection of this dose of aminoguanidine 
resulted in an_ increase in duration of histamine symptoms, 
comparable to that obtained by increasing the dose of histamine 
from 1 to 2 mg/kg. The percentage of animals showing respiratory 
symptoms at different times after the histamine injection are 
shown in fig. 2, upper half. In the lower part of this figure are 
shown the proportion of experiments, in which the animals dis- 
played severe histamine symptoms (laboured breathing with a 
frequency below 80 per minute) at different times after histamine 
injection. In these animals the effect of 1 mg/kg of histamine, 
preceded by aminoguanidine, corresponded roughly to that of 
2 mg/kg of histamine. Histamine in a dose of 3 mg/kg caused 
symptoms that were more severe and longlasting. 

2. B,- pyrimidine. ARUNLAKSHANA, Mongar and SCHILD 
(1954) found that the pyrimidine part of the vitamin B, molecule 
(2-methyl-4-amino-5-methylaminopyrimidine, shortly called B,- 
pyrimidine) had histaminase-inhibiting properties. This compound 
potentiated the effects of histamine on isolated organs from the 
guinea-pig. 
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MIN. 
120} 


l.o 0.ol 


(2) 


Lo 10 lo otlO Ool 


Fig. 1. The effect of different doses of aminoguanidine on the duration of respira- 
tory symptoms after 1 mg/kg of histamine. Each diagram represents weekly experi- 
ments on one guinea-pig.The columns represent the duration of symptoms. Black 
columns are experiments without aminoguanidine, the others are experiments in 
which different doses of aminoguanidine had been given before the histamine. The 
figures below the horisontal lines denote doses of aminoguanidine in mg/kg. 


B,-pyrimidine, given subcutaneously in doses up to 300 mg/kg, 
had no immediate toxic effects. No changes in appearance or 
frequency of respiration were observed. The two animals receiving 
the biggest dose lost in weight for two or three days. 8 of the 10 
animals, which were given 100 mg/kg of B,-pyrimidine, had the 
same weight increase as the controls in the same cage. The other 
two did not gain in weight as rapidly as control animals. Three 
animals which received 10 mg/kg of B,-pyrimidine subcutaneously 
had a normal increase in-body weight as compared with cage- 
mates. ABDERHALDEN (1951) observed that 2-methyl-4-amino-5- 
oximethyl pyrimidine, given to rats or mice ina dose of 100 mg/ 
kg, caused convulsions and death. 
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Table 3. 
Comparison of the duration of the respiratory effect of 1, 2 and 3 mg/kg 
of histamine with that of 1 mg/kg of histamine, preceded by 1 mg/kg of 
aminoguanidine. 6 male guinea-pigs with a mean initial body weight 


of 305 9. 
Dose of histamine (mg/kg) ... 1.0 | 2.0 | 3.0 1.0 
Preceding injection ...,..... | saline saline | saline | amino- 
| guanidine 

Mean duration of symptoms | | | 

8/8, .... (514+ 3.9 | 9943.5 | 1404 11 | 1034 3.4 
No. of experiments ......... 9 6 6 23 
Mean increase per animal com- | 

pared with 1 mg/kg of hista- | | | 

mine with saline (min.) ... ee 146+ 6.0 | 89+ 12 52 + 7.0 
No. of animalais ... 05... 6 | 6 6 


It was found that B,-pyrimidine potentiated the effects of a 
subsequent injection of histamine (table 4, fig. 3). The smallest 
effective dose was found to be 1 mg/kg. The potentiating effect 
of 100 mg/kg was studied on 6 animals. The outcome of three 
of these experiments was fatal. In the remaining three animals 
the duration of respiratory symptoms was about the same as 
after 10 mg/kg of B,-pyrimidine. This indicates that the po- 
tentiating effect of B,-pyrimidine was nearly maximal after 
10 mg/kg. 

3. Stilbamidine. 

This substance is a potent histaminase inhibitor in vitro 
(Biascuko, Fastier and Waspa 1951). Stilbamidine potentiates 
the contraction of isolated swine carotid arteries elicited by 
histamine (SmiTH 1953). It also increases the bronchoconstrictor 
effect of histamine, given by vein to guinea-pigs (LINDELL and 
Westiinc 1954). MacInrosH and Paton (1949) found that 
stilbamidine, given intravenously to cats, liberated histamine, 
which caused a fall in blood pressure. This property would seem 
to make stilbamidine unsuitable for the present experiments. How- 
ever, the previous observations (LINDELL and WeEstTLING 1954) 
indicated that in guinea-pigs stilbamidine was not such an effec- 
tive histamine liberator as in cats. FELDBERG and Monaar (1954) 
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I+AMG 


30 60 90 120 150 180 
MIN. 


I+ AMG 


30 60 90 120 150 180 
MIN. 


Fig. 2. Number of guinea-pigs showing respiratory symptoms (upper diagram) 

and severe respiratory symptoms (lower diagram) at various times after injection 

of 1,2 or 3 mg/kg of histamine, (curves marked 1,2 and 3 respectively) and after 

1 mg/kg of histamine, preceded by 1 mg/kg of aminoguanidine (curve marked 

1 + AMG). The number of guinea-pigs (ordinate) is given in per cent of the total 

number of experiments with each dose. The data are obtained from the same 
experiments as in table 3. 
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Table 4. 


Effect of different doses of B,-pyrimidine on the duration of respiratory 

symptoms caused by 1 mg/kg of histamine. 16 male guinea-pigs, mean 

initial body weight 286 g. Mean values for increase per animal + S. E. M. 

are given. The P value indicates the probability that an increase was 

caused by chance. The mean duration of symptoms in all animals after 

1 mg/kg of histamine, preceded by saline, was 63 + 2.2 min. (36 exp.). 
1 guinea-pig died after histamine without B,-pyrimidine. 


| | | | 
Dose of B,-pyrimidine (mg/kg) 0.1 1.0 10 | 100 
Mean increase in duration 

843.3 | 87i46 | 464 5.4 | 47+ 6.0 

No. of animals ............. 6 9 | 8 3 
| < 0.001 | < 0.001 < 0.02 

| > 0.05 | | > 0.01 
deathie 0 0 4 3 


have shown that there are important species differences with 
regard to some histamine releasing agents. 

Stilbamidine, in a dose of 10 mg/kg subcutaneously, did not 
cause any observable change in respiration. This dose was given 
to six guinea-pigs. Three of these lost in weight for two days 
after the injection. The three others had a smaller weight increase 
than control animals kept in the same cage. Bigger doses of 
stilbamidine, 100 mg/kg, caused an increase in respiratory fre- 
quency lasting about one hour. This effect may possibly be 
ascribed to histamine liberation. 200 mg/kg of stilbamidine were 
given to one animal, which developed respiratory symptoms, 
resembling those occurring after a histamine injection. These big 
doses had delayed toxic effects. The four animals injected lost 
considerably in weight. It is known that stilbamidine may impair 
the liver function and cause degenerative changes in the kidneys 
(for references see SCHOENBACH and GREENSPAN 1948) and the 
decrease in body weight may have been due to such effects. 

The effect of stilbamidine on histamine sensitivity was studied 
in 7 animals (table 5). It was found that stilbamidine increased 
the duration of histamine symptoms already in doses of 0.1 and 
1.0 mg/kg (fig. 3). This effect is not likely to be caused by a 
liberation of histamine, since the ten-fold dose of stilbamidine, 
10 mg/kg, did not in itself cause respiratory symptoms. The 
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Fig. 3. Effect of histam- 
inase inhibitors on the dura- 
tion of respiratory symp- 
toms after 1 mg/kg of 
histamine. Each diagram 
represents experiments with 
weekly intervals on one 
guinea-pig. Black columns 
represent the duration of 
symptoms without inhib- 
itors; the others the dura- 
tion of histamine symptoms 
with a preceding injection of 
different doses of different 
inhibitors. = B,-py- 
rimidine. SEMI = semicarb- 
azide. STILB = stilbam- 
idine. INH = isonicotinic 
acid hydrazide. The figures 
below the horisontal lines 
denote doses of the respect- 
ive inhibitor in mg/kg. 
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increased response to histamine after 10 mg/kg of stilbamidine 
may, however, have been caused by a liberation of histamine and 
by other toxic effects of stilbamidine. 
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Table 5. 


Effect of different doses of stilbamidine on the duration of respiratory 

symtoms caused by 1 mg/kg of histamine. 7 male guinea-pigs, mean 

initial body weight 279 g. Mean values for increase per animal +S. 

E. M. are given. The P value indicates the probability that an increase 

was caused by chance. The mean duration of symptoms in all animals 

after 1 mg/kg of histamine, preceded by saline, was 60 +- 4.3 min. (16 exp.). 
No guinea-pig died after histamine without stilbamidine. 


Dose of stilbamidine (mg/kg) ..... | 10 
Mean increase in duration (min.) .. | 22 + 5.4 30 + 7.2 | 56 + 7.9 
Wo | 4 5 | 3 
< 0.05 | < 0.02 < 0.02 

> 0.02 > 0.01 > 0.01 


4. Semicarbazide. Semicarbazide is an inhibitor of 
diamine oxidase in vitro (ZELLER 1938 b). It potentiates the 
effects of histamine on isolated smooth muscle preparations from 
the guinea-pig (ARUNLAKSHANA et al. 1954). Strcus (1953) tried 
to use semicarbazide for potentiating the effects of histamine 
on gastric secretion in dogs but found it to be too toxic when 
given by veinin a dose of 25 mg/kg. JENNEY and Leg (1951) 
stated that semicarbazide caused convulsions, when given in a 
dose of 250 mg/kg. 

Two guinea-pigs were injected with 100 mg/kg of semicarbazide 
subcutaneously. Both developed violent convulsions and died 2 
and 10 hours after the injection, respectively. 10 mg/kg of semi- 
carbazide had no observable immediate effects and the respiration 
of the three animals given this dose appeared to be normal. 
These animals had the same increase in body weight as control 
animals injected with saline and kept in the same cage. 

Semicarbazide potentiated the effects of histamine, the smallest 
effective dose being 0.1 mg/kg (table 6, fig. 3). The potentiating 
effect increased when the dose of semicarbazide was increased 
to 1.0 and 10 mg/kg. It should be emphasized that the 10 mg/kg 
dose is only one tenth of the dose found to cause convulsions 
and death in two guinea-pigs. The 10 mg/kg dose might well be 
slightly toxic in itself, even if no changes in external respiratory 
movements or body weight could be registered. 
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Table 6. 


Effect of different doses of semicarbazide on the duration of respiratory 

symptoms caused by 1 mg/kg of histamine. 7 male guinea-pigs, mean 

initial body weight 277 g. Mean values for increase per animal +. S. E. M. 

are given. The P value indicates the probability that an increase was 

caused by chance. The mean duration of symptoms in all animals ajter 

1 mg/kg of histamine, preceded by saline, was 68 + 3.5 min. (18 exp.). 
No guinea-pig died after histamine without semicarbazide. 


Dose of semicarbazide (mg/kg) ii 0.1 1.0 10 
Mean increase in duration (min.) .. 10 + 4.7 40 + 4.6 65 + 7.6 

> 0.1 > 0.001 > 0.01 


5. Isonicotinic acid hydrazide. The inhibitory 
effect of isonicotinic acid hydrazide on purified diamine oxidase 
from hog kidney was first described by ZELLER, Barsky, Fouts, 
KIRCHHEIMER and VAN ORDEN (1952). Isonicotinic acid hydrazide 
retards the metabolism of labelled histamine and labelled cada- 
verine in rats and mice (ScHAYER 1953, and ScHAYER, SMILEY 
and KENNEDY 1954) and is therefore considered to inhibit diamine 
oxidase also in the living animal. FernBERG and ZELLER (1954) 
found that administration of isonicotinic acid hydrazide in a dose 
of 50 mg/kg had no effect on the response of guinea-pigs to a 
histamine aerosol. 

Isonicotinic acid hydrazide, given subcutaneously in doses of 200 
and 300 mg/kg to guinea-pigs, was found to cause attacks of 
tonic and clonic convulsions. The one animal given the largest 
dose died after one hour. The two guinea-pigs receiving 200 
mg/kg had convulsive attacks for about two hours. 100 mg/kg 
of isonicotinic acid hydrazide were given to three other guinea- 
pigs, one of which had a mild attack of convulsions. The other 
two seemed to be unaffected by the drug. However, one of them 
lost in weight for two days after the injection. Three guinea-pigs 
injected with 30 mg/kg of isonicotinic acid hydrazide had a normal 
increase in body weight as compared with cage-mates. The acute 
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Table 7. 


Effect of different doses of isonicotinylhydrazine on the duration of respira- 
tory symptoms caused by 1 mg/kg of histamine. 23 male guinea-pigs, 
mean initial body weight 253 g. Mean values for increase per animal 
+8. H#.M. are given. The P value indicates the probability that an 
increase was caused by chance. The mean duration of symptoms in all 
animals after 1 mg/kg of histamine, preceded by saline, was 68 + 2.1 
min. (36 exp.). 5 guinea-pigs died after histamine without 
isonicotinylhydrazine. 


1.0 10 | 30 


| 
Dose of isonicotinylhydrazine 


Mean change in duration (min.) —14 2.4) +44 6.2|-+ 244 2.0|+ 32 + 6.5 


No. of animals ............. | 4 6 ee 7 

< 0.6 < 0.01 | < 0.01 
| > 0.5 | > 0.001 | > 0.001 


toxicity of isonicotinylhydrazine in mice and rats was studied by 
Benson, Sterko and Rok (1952), who observed that it caused 
convulsions. These workers found that the LD 50 for isonicotinic 
acid hydrazide, injected subcutaneously, was 160 mg/kg in mice. 

The effect of isonicotinic acid hydrazide on respiratory symp- 
toms elicited by histamine was studied in 23 animals. Doses of 
0.1 and 1.0 mg/kg had no effect. An increased duration of respira- 
tory symptoms was noted after 10 and 30 mg/kg (table 7, fig. 3). 
The potentiation after 30 mg/kg of isonicotinylhydrazine was not 
so large as the one obtained by aminoguanidine. An unusually 
large number of guinea-pigs died in histamine shock in the groups 
used for potentiation with isonicotinylhydrazine (table 7). More 
animals died after injection of isonicotinic acid hydrazide and 
histamine than after saline and histamine. This may have been 
due to histaminase inhibition. No explanation can be given for the 
high sensitivity of these animals to histamine. Macroscopic 
examination did not reveal pathological changes in the thoracic 
or abdominal organs. The increase in body weight of the animals 
appeared to be normal when compared with that of other guinea- 
pigs receiving the same food. 

6. Hydroxylamine. This substance has, like other 
carbonyl reagents, an inhibitory action on histaminase (ZELLER 
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Table 8. 


Effect of different doses of hydroxylamine on the duration of respiratory 

symptoms caused by 1 mg/kg of histamine. 5 male guinea-pigs, mean 

initial body weight 269 g. Mean values for increase per animal +. S. E. M. 

are given. The P value indicates the probability that an increase was 

caused by chance. The mean duration of symptoms in all animals after 

1 mg/kg of histamine, preceded by saline, was 70 + 3.9 min. (14 exp.). 
No guinea-pig died after histamine without hydroxylamine. 


Dose of hydroxylamine ‘mg/kg) ........... | 1.0 | 10 
Mean change in duration (min.) .......... —4+4 3.3 | + 28 + 5.0 

> 0.01 


1938 a). ARUNLAKSHANA et al. (1954) found that it potentiated 
histamine effects on isolated guinea-pig organs. 

Hydroxylamine, 100 mg/kg, was injected subcutaneously into 
two guinea-pigs. Tonic and clonic generalized convulsions were 
observed soon after the injection and both animals died about 
one hour after the injection. The effects of a dose of 10 mg/kg 
were studied in three animals. One of these had a definite increase 
in respiratory rate for one hour after the injection. The weight 
increase of one of the animals injected with 10 mg/kg of hydroxyl- 
amine was smaller than that of controls in the same cage. 

The effects of a subcutaneous injection of hydroxylamine on 
the duration of symptoms after histamine was studied in 5 
animals. A potentiation was observed after 10 mg/kg of hydroxyl- 
amine, whereas 1 mg/kg was ineffective (table 8). The prolonga- 
tion of histamine symptoms after the large dose of hydroxylamine 
is not surprising, since this dose may have had some effect on 
the respiration in itself although this was not observable at the 
time of histamine injection. The observed potentiation after 10 
mg/kg of hydroxylamine was smaller than the biggest one ob- 
tainable with aminoguanidine. 

9-—563562. Acta phys. Scandinav. Vol. 38. 
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Effects of the Different Inhibitors on the Inactivation of 
Histamine in Liver Extracts. 


The histamine inactivating capacity of the liver was determined 
in all animals that died in histamine shock in the potentiation 
experiments. It was found that less histamine was inactivated 
by livers from animals that had been injected with histaminase 
inhibitors. To make possible a comparison between different 
doses of the inhibitors in this respect, additional observations 
were made on normal animals, which had been injected with 
saline or histaminase inhibitor and killed by a blow on the head 
one hour later. The results of these observations and the results 
from animals, that had died in histamine shock are summarized 
in table 9. The values for guinea-pigs that died in histamine 
shock are restricted to those of animals, that had received the 


Table 9. 
Effect of previous injection of histaminase inhibitors on histamine in- 
activation in liver extracts (ug/g/hr.). The mean value for liver extracts 
from 24 guinea-pigs that did not receive any inhibitor was 11.8+ 1.5 
Hg|g/hr. Figures within parentheses denote no. of livers examined. 


Dose of inhibitor a 
Inhibitor 
0.01 | 0.1 | 1.0 | 10 30 | 100 
| | 
Aminoguanidine ... || 9(2) | 2.6 (4) | 0.9 (17) | 0.5 (3) — | _— 
B,-pyrimidine ..... — @) 6.6 (3) |3.7(7) | — | 1.966) 
Stilbamidine ...... 7.5 (2) | 4.3 (3) | 3.4 (3) 
Semicarbazide ..... | — (10 (1) | 8. 2 (3) | 2.4 (3) 
Isonicotinylhydra- || | 
— 8 (2)| 5.4 (5) | 6.4 4 (7) 
"Hydroxylamine .... || — | 7.3 (2) 5.2 (2) | 


inhibitor +/,—2 hours before death. The value for histamine 
inactivation in the liver of normal guinea-pigs did not differ 
materially from that in livers of animals, which had died in 
histamine shock. 

In addition the inhibitory action of the drugs, when added in 
vitro to liver extracts from normal guinea-pigs, was studied. 
The per cent inhibition of histamine inactivation at various 
molar concentrations of the different inhibitors are shown in 
table 10. The relations found between the inhibitory action of 
the different drugs were similar to those observed by 1.2. ARUN- 
LAKSHANA et al. (1954) and LinpELL and WEsTLING (1956). 
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Table 10. 


Inhibition of histamine inactivation in liver extracts by addition in vitro 

of histaminase inhibitors. The figures refer to the per cent inhibition at 

various molar concentrations of the inhibitors. Each figure is the mean 
of two or three experiments. 


| | 
Molar —11 iad —8 | | | 10-4 
10 | 10- | 90 10 | 10 | 10 
| | 
Aminoguanidine............ 0 | 13 | 36 | 65 | 94 | 9 |— |— 
Semicarbazide............. j— 8 8 |66 | 91 | — 
Isonicotinylhydrazine....... 6 | 31 | 39 | 97 
Hydroxylamine............ —i— 14 | 35 «63 | 93 


The Effects of Histaminase Inhibitors on the Respiratory 
Changes caused by /-—-2-Pyridylethylamine, Acetylcholine and 
Carbaminoylcholine. 


1. B-2-pyridylethylamine. This substance has 
biological effects which are similar to those of histamine (WALTER, 
Hunt and FossBinpDER 1941, ARUNLAKSHANA 1953). Experiments 
with antihistamine substances make it likely that A-2-pyridyl- 
ethylamine acts on the same receptors as histamine (ARUNLAK- 
SHANA et al. 1954). These workers found that f-2-pyridylethyl- 
amine was not inactivated by histaminase, prepared from an 
acetone-dried powder of pig kidney. The effects of pyridylethyl- 
amine on isolated guinea-pig organs were not potentiated by 
histaminase inhibitors. 

It was found that #-2-pyridylethylamine caused respiratory 
symptoms which were very similar to those of histamine. Thus, 
the respiratory frequency increased after smaller doses, while 
bigger doses caused a bradypnoea. The appearance of the animals 
given the pyridyl compound was very similar to that seen in 
histamine poisoning. Death was preceded by violent convulsions 
and at autopsy the lungs were found to be emphysematous. 
No direct comparison of the relative effects of histamine and 
B-2-pyridylethylamine in the same animals was made. Judging 
from the duration of respiratory symptoms in animals of ap- 
proximately the same body weight the relation between doses 
of histamine and pyridylethylamine giving equal response was 
about 1:15 (calculated from the amount of bases). 
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Table 11. 


Duration of respiratory effects of B-2-pyridylethylamine. Effect of a 


preceding injection of aminoguanidine. 8 male guinea-pigs, mean 


initial body weight 263 g. 
| | | | 
Dose of f-2-pyridylethylamine | 
20 | 20 40 40 
Preceding injection ......... | saline | amino- | Saline amino- 
guanidine | guanidine 
1 mg/kg | 1 mg/kg 
Mean duration of symptoms | | 
<p }56+46 |59+ 5.8 |108 + 3.1 | 112 + 7.4 
No. of experiments ......... 8 8 | 6 | 5 


| 
Mean change per animal caused | | | 
by aminoguanidine (min.) .. |} +343 | |} 


In the first group of animals studied the mean duration of 


respiratory symptoms after 20 mg/kg of §-2-pyridylethylamine 
injected subcutaneously was 56 min (table 11). Doubling 
the dose (by doubling the volume of solution injected) resulted 
in an average duration of 108 min. The average increase 
in duration per animal was 52 + 6 min. If these figures are com- 
pared with those for histamine (table 3) it may be seen that 
doubling the dose of pyridylethylamine gives about the same 
increase in duration of respiratory symptoms as when increasing 
the dose of histamine from 1 to 2 mg/kg. 

It was found that aminoguanidine did not increase the duration 
of respiratory symptoms caused by f-2-pyridylethylamine (table 
11). The number of animals showing severe respiratory symptoms 
was the same in experiments with and without aminoguanidine. 

Previous administration of B,-pyrimidine (10 mg/kg) or iso- 
nicotinic acid hydrazide (30 mg/kg) did not increase the duration 
of respiratory effects elicited by f-2-pyridylethylamine (table 12, 
upper row). A preceding injection of semicarbazide (10 mg/kg) 
caused a slight prolongation of the duration (table 12, lower row). 
This increase was not significant. The effect of a smaller dose of 
semicarbazide (1 mg/kg) was studied in 5 animals and it was 
found that this dose of semicarbazide did not significantly modify 
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Tabie 12. 


Effect of histaminase inhibitors on the duration of respiratory symptoms 
caused by B-2-pyridylethylamine. 


Dose of f-2- Mean dur- | Mean change in duration 
No. of Mean initial | idylethy- | tion ofresp-| per animal caused by 
body weight | | Pye ye liratory effects| histaminase inhibitors(min.) 
(grams) (mg/kg) without in- Figures in parentheses 
| hibitor (min.)} denote no. of animals. 
| | 
| B,- yrimidine) Isonicotinic 
(10 mg/kg) acid 
| hydrazide 
| (30 mg/kg) 
8 285 20 | 69+ 3.7 —6+46(6)| +5+ 3 (6) 
| | | Semi- | Stilbamidine 
| carbazide | (10 mg/kg) 
| (10 mg/kg) | 
9 05 | 18 | 45422 |41246(8)) +945(2) 


the response to f-2-pyridylethylamine, the mean change in dura- 
tion being + 4 + 6 min. In the case of stilbamidine the results 
were somewhat divergent. In the experiments represented in 
table 12 (lower row), stilbamidine in a dose of 10 mg/kg did not 
significantly increase the duration of symptoms caused by sub- 
cutaneous injection of 13 mg/kg of {-2-pyridylethylamine. In 
another group of 5 animals, not represented in table 12, the 
same dose of stilbamidine augmented the effects of 20 mg/kg of 
B-2-pyridylethylamine. The mean duration of symptoms in this 
group after 20 mg/kg of pyridylethylamine was 76 min. (12 exp.). 
The mean duration was 120 min. (5 exp.) when stilbamidine 
(10 mg/kg) had been given in advance. A smaller dose of stilb- 
amidine (1 mg/kg) did not increase the duration of symptoms, 
the mean value being 78 min. (6 exp.). No explanation can be 
given for the different results with 10 mg/kg of stilbamidine in 
this group and in the group represented in table 12.. The body 
weight of the animals was approximately the same. It seems 
unlikely that the difference is due to the different dosage of 
B-2-pyridylethylamine. 

To sum up the results with $-2-pyridylethylamine, it may be 
said that the effects of this drug on the respiratory movements 
were not modified by previous administration of aminoguanidine, 
B,-pyrimidine or isonicotinic acid hydrazide. Two other inhibitors, 
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stilbamidine and semicarbazide, caused a small increase in dura- 
tion when given in a dose of 10 mg/kg. In a dose of 1 mg/kg, 
however, neither of these two substances modified the response 
to B-2-pyridylethylamine. The effect of hydroxylamine on the 
sensitivity to B-2-pyridylethylamine was not studied. 

2. Acetylcholine. Acetylcholine, given subcutaneously 
in a dose of 40 mg/kg, caused an increase in respiratory frequency 
and the respiratory movements became larger. The average dura- 
tion of these changes was 30+ 2.9 min. (15 experiments on 
9 animals). A preceding injection of aminoguanidine (1 mg/kg) 
or B,-pyrimidine (10 mg/kg) did not increase the duration of 
respiratory effects in these animals. The mean duration of respira- 
tory symptoms was 27 min. after aminoguanidine (7 exp.) and 
27 min. after B,-pyrimidine (3 exp.). If the dose of acetylcholine 
was doubled to 80 mg/kg (by doubling the volume of solution 
injected) the respiratory symptoms lasted 41 + 3.5 min. It was 
not possible to obtain a longer duration of acetylcholine effects, 
since a further increase in dosage often resulted in the death 
of the animal. 

Concomitantly with the respiratory changes a bradycardia 
developed after acetylcholine injection. The decrease in cardiac 
rate was not affected if aminoguanidine was given before the 
acetylcholine. Fig. 4 gives the mean values for respiratory and 
cardiac frequency at various times after acetylcholine injection. 
It may be seen that aminoguanidine has not changed the response 
of these animals to acetylcholine. 

It is realized that the effects of acetylcholine on breathing as 
measured in this crude way are probably not solely due to broncho- 
constriction and thus not comparable to those of histamine. The 
profound effect of acetylcholine on the circulation might cause 
changes in the respiration. Moreover, the short duration of the 
effects of acetylcholine makes it a less suitable drug for the 
present purpose. It is nevertheless interesting to note that the 
response to a drug, which is rapidly destroyed by enzymatic 
action, was not altered by aminoguanidine or B,-pyrimidine. 

3. Carbaminoylcholine. This substance did, like 
acetylcholine, cause respiratory and cardiac changes. The respira- 
tory frequency increased and the respiratory movements became 
larger. The mean duration of these effects after 0.04 mg/kg of 
carbaminoylcholine are shown in table 13. Increasing the dose of 
carbaminoylcholine (by increasing the volume of solution in- 
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Fig. 4. Changes in respiratory frequency and pulse rate after acetylcholine (40 
mg/kg subcutaneously). Dotted lines: Mean values for 7 experiments on 7 animals 
with a preceding injection of saline. Solid lines: Mean values for 7 experiments on the 
same animals with a preceding injection of 1 mg/kg of aminoguanidine. 

Abscissa: Time in minutes after the injection of acetylcholine. 

Upper ordinate: No. of breaths in 15 sec. 

Lower ordinate: No. of heart beats in 15 sec. 


jected) produced respiratory and cardiac effects of longer dura- 
tion. A preceding injection of aminoguanidine, semicarbazide or 
stilbamidine did not ‘increase the duration of the effects of carb- 
aminoylcholine on the respiration or on the pulse rate. 
Carbaminoylcholine is, for the same reasons as those mentioned 
for acetylcholine, not a very suitable drug for testing the speci- 
ficity of the potentiation caused by histaminase inhibitors. How- 
ever, it has the advantage over acetylcholine that its effects 
are more prolonged, which makes them more comparable to those 


of histamine. 
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Table 18. 
Duration of respiratory and cardiac effects after different doses of carba- 
minoylcholine. Effect of a preceding injection of amin Wine, semi- 


carbazide or stilbamidine. 19 guinea-pigs, mean initial body weight 309 g. 

The mean duration of respiratory symptoms after 0.04 mg/kg of carba- 

minoylcholine was 43+ 4.0 min. (35 experiments); the duration of 

cardiac effects after this dose was 53 +. 5.0 min. (35 experiments). Mean 

values (+ S. E. M.) of changes in duration, caused by increased dosage 

of carbaminoylcholine or injection of histaminase inhibitor, are given. 
No guinea-pig died after 0.04 mg/kg of carbaminoylcholine. 


Dose of carbam- 


| } | | 
inoylcholine (mg/kg) 0.08 | 0.10 | 0.04 | 0.04 | 0.04 


saline | 10 mg/kg 
| of amino- 
guanidine 


10 mg/kg 
of semi- 
carbazide 


10 mg/kg 
of stilba- 
midine 


Preceding injection | saline 


Mean change in 
duration of respi- 
ratory symptoms | | | 
as compared with | 
0.04 mg/kg of | 
carbaminoyl- 


choline (min.) ... + 69 + 6.8) + 88+ 10—10+ 6.6) —1+ 6.4} 


Mean change in 

duration of cardiac 

symptoms as com- 

pared with 0.04 

mg/kg of carba- | | | 
minoylcholine 


+ 57+ 8.0 + 87+ 14 —9+ 10 12/+ 11+ 86) 


No. of animals ... 5 | 3 7 7 | 6 


No. of deaths .... 1 1 


Discussion. 


The effects of histamine on the respiration in unanaesthetized 
guinea-pigs may be measured by means of graphical registration 
of the external respiratory movements. Methods for this have 
been devised by e.g. NorLpp-EscHENHAGEN and Nog.pp (1954). 
The methods for graphical registration are, however, not suitable 
for the purpose of the present investigation. The position of the 
recording device on the animal is very important and it should 
be difficult to obtain comparable records in one and the same 
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animal in repeated experiments. Moreover, the recording device 
will, even if made very light, interfere with the animal’s normal 
respiration (NOELPP-ESCHENHAGEN and 1954). The 
method used in the present experiments for estimating the dura- 
tion of respiratory changes after histamine was largely based 
upon observations of the changes in respiratory frequency. In 
some experiments, however, the respiratory movements were still 
considered abnormal although their frequency had returned to 
the resting value. The possibility exists that in such experiments 
the observer might have overestimated the duration of symptoms 
in animals given a histaminase inhibitor. Since the experiments 
in which it was not known whether the animals had been injected 
with inhibitor or saline gave essentially the same results as the 
others the error due to inaccurate judgment can hardly have 
been very important. 

In the present work it was observed that some substances of 
varying chemical constitution, which inhibit histaminase in vitro, 
also had the common property of increasing the sensitivity of 
guinea-pigs to histamine, given subcutaneously. This potentiation 
of the effects of histamine was obtained with doses of the inhi- 
bitors that, when given alone, had no effect on the respiration. 
Hydroxylamine was an exception to this and its potentiating 
action was therefore not studied very closely. Two of the inhi- 
bitors, aminoguanidine and B,-pyrimidine, were effective in 
amounts much smaller than those producing untoward reactions 
when given alone. These observations indicate that the aug- 
mentation of histamine effects after an injection of these histam- 
inase inhibitors is not due to a bronchoconstrictor effect or 
some other toxic action of the inhibitor. 

Some evidence has been obtained that the potentiation of 
histamine effects is due to a decrease of the histaminase activity 
in the animal under the influence of an inhibitor. Thus the anti- 
histaminases did not, in doses which potentiated histamine effects, 
modify the responses to £-2-pyridylethylamine, a substance which 
seems to have biological actions very similar to those of histamine, 
but which is not inactivated by histaminase (ARUNLAKSHANA 
et al. 1954). It was also found that some of the most active 
histamine potentiators did not increase the response of guinea- 
pigs to acetylcholine or carbaminoylcholine. These observations 
agree with those of ARUNLAKSHANA et al. on isolated organs 
from the guinea-pig. The potentiation of histamine effects by 
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histaminase inhibitors in their experiments was specific for 
histamine, the responses to acetylcholine, choline, {-2-pyridyl- 
ethylamine and f-2-pyrazolylethylamine being unchanged. 
pyrazolylethylamine is anothersubstance with histamine-like effects 
on isolated organs. It is not inactivated by histaminase (ARuN- 
LAKSHANA et al.). 

It was observed that the potentiation by aminoguanidine ‘was 
nearly maximal at a dose of 0.1 mg/kg. A possible explanation 
for this is that aminoguanidine exerted its potentiating action 
by a mechanism which was limited in capacity, and exhausted 
already after a dose of 0.1 mg/kg. It is interesting that the 
potentiating effect of B,-pyrimidine also seemed to reach a 
maximum level. The maximal potentiation obtained by amino- 
guanidine or B,-pyrimidine was about the same. This is some 
support for the hypothesis that these substances act by the 
same mechanism. 

If the drugs examined exert their potentiating action by inhib- 
iting histaminase in the living animal a correlation between 
their effectiveness as histaminase inhibitors and as histamine 
potentiators should be expected. Such a correlation was found 
for a large variety of histaminase inhibitors by ARUNLAKSHANA 
et al. Data for such a correlation are difficult to obtain in studies 
on the whole animal. The mode of distribution and elimination 
of different inhibitors might vary considerably and a comparison 
between the inhibitory action in vitro and the potentiating effect 
in the living animal is difficult. To obtain some information 
about the relative efficiency of the inhibitors, when given to 
the living animal, the histamine inactivating capacity in the liver 
was determined in animals injected with various inhibitors. The 
liver was studied because it was found (LINDELL and WEsTLING 
1954) that this organ contained the highest concentration of 
histaminase in the guinea-pig. Fig. 5 gives a comparison of the 
relative effectiveness of the different inhibitors in prolonging 
histamine symptoms (upper diagram) and in suppressing histamine 
inactivation in liver extracts, when they were injected into the 
animal (middle diagram) or added in vitro (lower diagram). The 
design of the potentiation experiments precludes a statistical 
analysis of the correlation between potentiating effects and 
inhibitory properties of the different substances, but it may be 
seen from the diagrams that the relative efficiency of these drugs 
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Fig. 5. A comparison of the effects of the histaminase inhibitors on histamine- 
induced respiratory symptoms and on histamine inactivation in liver extracts. 


Upper diagram: Prolongation of respiratory symptoms in min. 

Middle diagram: Per cent reduction of histamine inactivation in extracts of livers 
from animals injected with inhibitors. 

Lower diagram: Per cent inhibition of histamine inactivation in liver extracts by 
the inhibitors, when added in vitro. 

—O—— = aminoguanidine. = stilbamidine. 

—— — — = B,-pyrimidine. =~ -.-.-.-.-.- = semicarbazide. 
..©.... = hydroxylamine. ——-—— = isonicotinic acid hydrazide. 
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as potentiators and as inhibitors of histamine inactivation are 
very similar. 

The evidence discussed supports the conclusion, that the po- 
tentiating effect of the histaminase inhibitors examined is, with 
certain exceptions, due to their capacity to inhibit this enzyme. 
The exceptions are the potentiations caused by hydroxylamine 
and by large doses of stilbamidine and semicarbazide, which 
may have been in part due to toxic actions, not related to hista- 
minase inhibition. It would seem that aminoguanidine and 
B,-pyrimidine are suitable drugs for further work on the role 
of histaminase for histamine sensitivity, since with these sub- 
stances there was a wide margin between doses producing po- 
tentiation and doses giving untoward reactions. It remains to 
be seen if the potentiation is entirely explainable by an inhibition 
of histaminase in the bronchial musculature as in the in vitro experi- 
ments by ARUNLAKSHANA et al. (1954). In the whole animal a 
diminished removal of histamine from the plasma, due to inhi- 
bition of histaminase in other organs, might be an important 
factor. 

From the foregoing it seems probable that enzymatic inactiva- 
tion by histaminase is one of the factors determining the sensi- 
tivity of guinea-pigs to histamine. Its réle does not seem to be 
very important, the maximum increase in sensitivity obtained 
by inhibitors being only about two-fold. ScHayEeR (1952) has 
shown that there exists, in the guinea-pig, another enzymatic 
pathway for histamine metabolism. In addition he observed 
(ScHAYER 1953) that more histamine was metabolized by this 
route when the action of histaminase (diamine oxidase) was 
inhibited by drugs. The réle of histaminase for the histamine 
sensitivity might therefore have been underestimated in the 
present experiments. 


Summary. 


1. Histamine was given subcutaneously to unanaesthetized 
guinea-pigs and its effects on the respiration were studied by 
counting the respiratory frequency and observing the external 
respiratory movements. 

2. The respiratory symptoms caused by histamine were po- 
tentiated by some histaminase inhibitors in doses, which did not 
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increase the responses to f-2-pyridylethylamine, acetylcholine or 


carbaminoylcholine. 
3. The specificity of the potentiation and the parallelism found 


between potentiating effects and histaminase inhibiting properties 
of the different histaminase inhibitors suggest that the increase 
in histamine sensitivity was due to diminished histaminase 
activity. 

4. The maximum increase in sensitivity obtained by these 
inhibitors was about two-fold. 

The skilful technical assistance given by miss M.-B. JoHANssON 


was highly appreciated. 
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» » 8, they found should read they have so far found 
126 » 4, that PIHL should read that e.g. PIHL 
127 Table 1, Half-life in day should read Half-life in days 
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The Turnover of Bile Acids in the Rat. 
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It has been repeatedly shown that the main end-products of 
cholesterol metabolism in mammals are the bile acids. It is evident 
that a close relationship must exist between bile acid and 


cholesterol metabolism. While the quantitative aspects of chol- 
esterol metabolism have been the subject of numerous publica- 
tions not much is known about the rate of bile acid formation 
and degradation and the factors that might influence the turnover 
of bile acids in the intact rat. The estimates of the rate of bile 
acid synthesis that can be found in the literature are usually 
based on the rate of excretion of bile acids in animals with bile 
fistulas (for a review cf. Soporka 1937, JosEPHSON 1941). As 
recently shown (THompsson and Vars 1953, Eriksson 1956) 
the continuous withdrawal of bile causes a progressive increase 
of bile acid synthesis. This method is therefore apt to give too 
high values. It has also been attempted to reach a more correct 
figure by refeeding the bile but even by this procedure the 
normal physiological state is seriously upset. 

In the present investigation we have tried to estimate the half- 
life of bile acids in the rat by a method which does not interfere 
with the normal enterohepatic circulation. We have administered 

1 A preliminary report of this work was read at the meeting of the Swedish 


meprenicel Society in Gothenburg June 3—4, 1955 (Linpstept and Normay, 
b). 
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small amounts of 24-C-labelled bile acids and followed the ex- 
cretion of labelled products in the feces. 

Some of the conditions which must be fulfilled in order to allow 
a kinetic treatment of tracer data have been stated by Sotomon 
(1953). 

1. The substance to be studied should be evenly distributed 
over the homogenous metabolic pool. 

2. The injected label should be distributed over the pool in 
a time that is short compared to the half-life of the substance. 

3. No change of the size of the pool should take place in the 
experimental period. 

It has been shown that after injection of labelled bile acids 
into rats no activity can be found in the peripheral blood and 
only negligible amounts in the intestinal lymph (Ss6va.i and 
Axzsson 1955). In the rat which does not have a gall bladder 
one may thus assume that the bile acids constitute a relatively 
homogeneous pool distributed over the liver, bile ducts, small 
intestine and portal circulation. 

It has been repeatedly shown that different labelled bile acids 
(t.e. cholic, desoxycholic, chenodeoxycholic and litocholic acid) 
when given to rats by intraperitoneal injection or by stomach 
tube are excreted in a bile fistula to the ae of 90 % within 
2—3 hours (cf. Berestrém 1955). This shows that the bile acid 
is rapidly absorbed and excreted and the time taken for an even 
distribution over the pool is probably a few hours. 


If the elimination of bile acids from the pool follows first order 
kinetics the following relations will hold 
where a) = injected amount of label, a, = label remaining in the pool 
at time t and k = “elimination constant”’. 
If the total amount excreted at time t isdenoted with u, the following 
relation is obtained 


The recovery of activity varied somewhat between different experi- 
ments usually being about 80—100 per cent. The loss may be @escribed 
to losses at the collection and small systematic errors in the counting 
procedure. In all cases, however, a plateau was reached in about ten 
days. This maximum value was used instead of a, in the equation, 
which after transformation was used in the form 
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From the values of k the half-life may be calculated through the 


relation ti, = 
1 


1 
The turnover time i.e. the time for renewal of the pool is then k* 


After administration of labelled acids no activity can be found 
in the urine or the respiratory air. We have furthermore shown 
that within 10 days after administration 80—100 % of the given 
amount can be recovered in the feces which may thus be regarded 
as the only excretory route of the bile acids under normal con- 
ditions. 

As the experiments were performed on intact animals in a 
steady state with respect to the bile acid pool, a measure of the 
total rate of excretion will also be a measure of the rate of forma- 
tion of bile acids in the organism. 


Experimental. 


The 24-“C labelled bile acids were those prepared by Berastrém, 
RoTTENBERG and (1952). 

White male rats of the institute stock weighing about 150—200 g 
and reared on an ordinary laboratory diet were placed in metabolism 
cages for a few days to get accustomed to this condition and then 
injected intraperitoneally with 1—2 mg of the labelled bile acid as 
sodium salt in saline solution. During the experimental period the rats 
were kept on white bread and water. The feces were collected each 
day in 80 per cent ethanol and entracted twice by boiling in 80 per 
cent ethanol for three hours. The filtrate was transferred to a volu- 
metric flask and an aliquot plated on alumina planchets. The determina- 
tion of radioactivity was carried out as described by LinpstEpT and 
NorMAN (1955 a). 


Results. 


u 
In figs. 1—3 a plot of t versus — log (1 = =| is shown for 


max 


different bile acids. The values of the half-life times are listed 
in table 1. 
Discussion. 

To determine the turnover of bile acids a more direct approach 
would have been to follow directly the fall of specific activity 
of the bile acids taking part in the enterohepatic circulation. 
This, however, presents experimental difficulties in an animal of 
this size and we therefore chose to follow the elimination in the 
feces. As shown earlier the bile acids are extensively modified 

10 —563562. Acta phys. Scandinav. Vol. 38. 


ex- 
ow 
ON 
ted 
in 
ce, 
the 
ids 
and 
and 
der 
ely 
all 
ids 
id) 
ach 
hin 
cid 
en 
der 
(1) 
ool 
ing 
(2) 
ed. 
ing 
en 
on, 
(3) 


124 SVEN LINDSTEDT AND ARNE NORMAN. 


0.2 — 
04 — 
3] 
<=, 
= 


i 23 4 5 6 7 8 9 IODAYS 
Fig. 1. Semilogarithmic plot of the elimination of cholic acid. 


by microbial enzymes during the intestinal passage and practically 
no unchanged cholic or chenodeoxycholic acid can be found in 
the feces (LINDSTEDT and Norman 1955 a). It is therefore not 
feasible to isolate and determine the specific activity of the bile 
acids excreted in the feces. The calculations in this work are 
therefore based on the total excretion of activity. Sometimes 
quite large deviations from the theoretical curve have been 
observed that presumably must be ascribed to the varying fecal 
output per day. The approach, however, seems justified in the 
light of investigations on human subjects where the specific 
activity of pure cholic acid isolated from bile has been determined 
and found to decrease exponentially (LinDsTEDT 1956). 

From table 1 it is seen that the different hydroxylated bile 
acids have about the same half-life time. It should be observed 
that although lithocholic and cholanic acid have been found to 
be transformed by the liver into various metabolic products, 
the over all turnover of these derivatives seem to be of the same 
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Fig. 2. Semilogarithmic plot of the elimination of chenodeoxycholic acid. 


order as found for the main acids 7.e. cholic and chenodeoxycholic 
acid. 

In order to determine the magnitude of the bile acid. syntheses 
one has to know the total amount of bile acids present in the 
pool. Such determinations of the total amount of cholic acid in 
the enterohepatic circulation of rats have recently been done by 
isotope dilution by BerastR6m and Eriksson (1956). In animals 
weighing about 200 g they found 4.6—6.2 mg of cholic acid per 
100 g body weight. If this figure is combined with the mean 
value for the half-life of cholic acid obtained in this work an 
average daily production of 1.4—1.9 mg‘of cholic acid per day/ 
100 g is reached. The bile acids normally occurring in rat bile 
are cholic and chenodeoxycholic acid in an approximate pro- 
portion of 9:1 (BerestrR6m and SsévaLti 1954). Allowing for 
this figure the total production of bile acids in rats is estimated 
to be 15—20 mg per day per kg body weight. 

If cholesterol is an obligatory precursor. of the bile acids. at 
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Fig. 3. Semilogarithmic plot of the elimination of litocholic (O—QO) and cholanic 
acid (@ — — — @). 


least 13-18 mg/day/kg body weight would have to be degraded 
and consequently synthesised to account for the bile acids formed 
under steady state conditions. It should be remembered, however, 
that Prat (1955) found a daily excretion of 15—20 mg/kg of 
cholesterol in the feces of rats kept on a cholesterol free diet. 
If these figures are taken into account a value in the order of 
30—40 mg/kg for the synthesis of cholesterol is obtained. 
Although the turnover of carcass and liver cholesterol has been 
studied by several authors with the aid of D,O and “CH, COOH 
(Karp and StetTen 1949, Prat, BLocn and ANKER 1950, Lonpon 
and RitTENBERG 1950, Lanpon and GREENBERG 1954) the 
turnover in whole animals, however, has not been determined. 
The available data seem to indicate a daily synthesis of about 
the same magnitude as that calculated above. 

The bile acids are known to take part in an enterohepatic 
circulation. In this circulation most of the bile acids are pro- 
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Table 1. 
Half-life of different 242“C labelled bile acids. 


Bile acid Half-life in day 
Chenodeoxycholic 2.2 


bably reabsorbed in the small intestine. It has been shown, 
however, that bile acids can be absorbed even from the coecum 
(Ss6vaLL 1956). Several factors obviously can influence the for- 
mation and elimination of bile acids. Thus alterations in the 
absorption and formation of cholesterol may be reflected in the 
rate of bile acid formation. The diet (cf. Porrtmann and Mann 
1955) and the conditions in the intestine 7.e. the intestinal flora 
may be of importance for the rate of excretion of bile acids. 
The results of investigations on the latter factors are reported 
in the following paper. 


Summary. 

The rates of excretion of 24-C labelled cholic, chenodeoxy- 
cholic, lithocholic and cholanic acid have been followed after 
intraperitoneal injection. The half-life of these bile acids has been 
found to be 2—3 days. The quantitative aspects of the cholesterol- 
bile acid relationship are discussed. 


The technical assistance of Miss K. HyLu&n and Miss K. SséstrR6M 
is gratefully acknowledged. 
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The Excretion of Bile Acids in Rats Treated 
with Chemotherapeutics. 


Bile Acids and Steroids 40. 
By 


SVEN LINDSTEDT and ARNE NORMAN. 
Received 28 August 1956. 


In the work reported in the preceeding paper (LINDSTEDT and 
NorMAN 1956) we have studied the turnover of bile acids in the 
intact rat. The half-life of the bile acids inthe bile acid pool 
was found to be 2—3 days. It was pointed out in this paper 
that one factor which might be expected to influence the rate of 
excretion of bile acids is the state of the intestinal flora. 

In rat bile the main bile acid found under normal conditions 
is taurocholic acid, that appears together with about ten per cent 
of taurochenodeoxycholic acid (BeRGsTROM and NorMAN 1953, 
Bercstr6m and 1954). Only small amounts of glycine 
conjugated cholic and chenodeoxycholic acid are found (NORMAN 
1954). In the feces on the other hand a wide variety of bile avid 
derivatives are found after administration of labelled cholic or 
chenodeoxycholic acid (LINDsTEDT and NorMAN 1955 a). It is thus 
evident that the bile acids are extensively modified during the 
passage down the gut. Similar results have been obtained in 
the rabbit (EKDAHL and Ss6vaLL 1955). In rat fistula bile no 
free bile acids are to be found while in the feces most of the 
acids appear in the unconjugated form. 

1 A preliminary report of this work was read at the meeting of the Swedish 


Biochemical Society in Gothenburg 3—4 June, 1955 (Linpstept and NorMAN 
1955 db). 


\ 

9. 493, 
4, 687. 

1042. 
. 129, 
»phys. 
. 


130 SVEN LINDSTEDT AND ARNE NORMAN. 


With the aid of chemotherapeutics (terramycin and phtalyl- 
sulfathiazolum) it is possible to keep the rat gut practically 
sterile. When rats treated in this way had been fed labelled cholic 
acid a quite different picture was seen (NORMAN 1955). The feces 
were found to contain practically no free acids. The main labelled 
product was taurocholic acid. 

In order to study whether the altered conditions in the in- 
testines influence the rate of excretion of bile acids we have 
administered 24-'C-labelled cholic acid to rats treated with in- 
testinal chemotherapeutics and followed the elimination of labelled 


products. 


Experimental. 


White rats of the institute stock weighing about 150—200 grams 
were placed in separate cages. They were given 100 mg of terramycin 
and 250 mg of phtalylsulfathiazolum (Sulftalyl, Pharmacia, Sweden) 
mixed with one ml of water twice daily through a stomach tube. After 
three days the feces were examined bacteriologically and the total 
viable bacteria were found to be reduced to at least a ten-thousandth 
of the number observed before treatment had begun (cf. Norman 
1955). The examination was repeated every third day during the 
experiments. In none of the rats did any resistant strains appear. 

During the experimental period the rats were kept on white bread 
and water. Additional vitamins were given together with the chemo- 
therapeutics. 

Three days after the chemotherapeutic treatment had begun about 
one mg of cholic acid-24-“C prepared according to Berastr6m, RotTen- 
BERG and VoLtTz (1953) was administered intraperitoneally as the 
sodium salt. 

The feces were collected daily into 80 per cent ethanol, crushed and 
boiled twice with 80 per cent ethanol for three hours. Aliquots of 
extracts were used for determination of radioactivity as described by 
LinpsTEDT and NorMAn (1955 a). 


Results. 


Fig. 1 shows the excretion of isotope for each 24 hour period 
after administration of cholic acid 24-“C to one normal rat and 
to one rat treated with chemoterapeutics. Fig. 2 gives the 
cumulative amount of activity excreted in six other rats. 


1 The bacteriological control was kindly carried out by Dr. R. Gruss. 
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Fig. 1. Isotope excreted in the feces following intraperitoneal injection of cholic 

acid-24-“C into a normal rat (A) and into one treated chemoterapeutics (B). 

Shaded areas represent the activity excreted per day in per cent of dose 
administered. Circles indicate the total amount excreted. 

In some animals a bile fistula was made seven days after 

administration of cholic acid-24-“C and the bile collected. Table I 


shows the recovery of isotope in feces and bile. 


Discussion. 


It is evident that the rate of excretion of labelled material 
in rats treated with chemotherapeutics is much slower than 
in normal rats. An attempt to estimate the half-life of 
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CUMULATIVE EXCRETION 


123 45 67 8 § 10 T1IDAYS 
Fig. 2. The cumulative amount of isotope excreted in the feces following intra- 


peritoneal administration of cholic acid-24-“C into normal rats (0, ©) and 
chemotherapeutic treated ones (A, a, @, &). 


the excretion process leads to a value of about 10—15 
days. In the preceeding paper (LINDSTEDT and Norman 1956) 
it was pointed out that in normal rats the rate of excretion 
in feces could be regarded as equal to the rate of synthesis. This 
assumption, however, cannot be made in these experiments, as 
the rats are subjected to such treatment that their bile acid 
pool might not represent a physiologically steady state. 

The animals treated with chemotherapeutics all had volu- 
minous, pasty feces and on autopsy they were found to have 
a distended coecum and large intestine. The question arises 
whether these changes are responsible for the slow rate of elimina- 
tion. It may be argued that the bile acids are trapped in the 
coecum and thus do not take part in the enterohepatic circula- 
tion. That this is not the case is evident from the experiments 
where a bile fistula was established and the rate of appearance 
of the isotope in the fistula bile found to be the same as that 
in a normal rat. 
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Table 1. 


Recovery of isotope from normal and chemotherapeutic treated rats in 
which a bile fistula was done seven days after administration of cholic 


acid-24-4(, 
Per cent total dose 
TS-k-1 | TS-1 TS-2 
Feces | 1— 8 days ........... 63.2 20.2 17.8 
Bile | O—1 hour........... 4.8 8.5 18.0 
2.4 9.2 | 9.8 
| | 
| 
| 
| 
1.4 6.1 4.3 
| 5—24 hours ........... 13.3 35 30 
Total 87.2 86.4 87.5 


TS-k-1 normal rat, TS-1 and TS-2 rats treated with chemotherapeutics. 


A toxic effect of the chemotherapeutics on the liver leading 
to a diminished synthesis of bile acids seems to be excluded by 
the fact that the given dose was much smaller than that at 
which toxic effects have been observed in rats. Furthermore two 
livers were examined microscopically and found to present a 
normal picture.! 

It thus seems reasonable to assume that the slow rate of elimina- 
tion is due to the absence of microorganisms in the intestinal 
tract. This conclusion is further supported by an experiment in 
which the treatment with chemotherapeutics was interrupted and 
an increase in the elimination rate followed. 

The mechanism by which the microorganisms influence the 
elimination of bile acids and the relative importance of various 
microorganisms that occur in the intestine is not clear. Further 


1 The microscopical examinations were kindly made by Dr. C.-M. Fasers. 
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studies on these problems in germ-free and monoinfected rats 
will be published (Gustavsson, BerestR6m, LINDSTEDT and 
Norman 1956). 


Summary. 


Cholic acid-24-"C has been administered to rats treated with 
intestinal chemotherapeutics and the rate of elimination has been 
followed. In rats given phtalylsulfathiazolum and terramycin a 
much slower rate of excretion was observed than in normal rats, 
The half-lifetime of the bile acid molecule was estimated to be 
10—15 days. 


The technical assistance of Miss K. HyLtu&n and Miss K. Sséstr6m 
is gratefully acknowledged. 


References. 


Berestrom, 8. and A. Norman, Proc. Soc. Exp. Biol. N. Y. 1953. 
83. 71. 

Berecstroém, 8., M. Rorrensere and J. Acta Chem. Scand. 
1953. 7. 481. 

Berestrom, 8. and J. Ssévatt, Acta Chem. Scand. 1954. 8. 611. 

Expau81, P.-H. and J. Ssévaut, Acta physiol. scand. 1955. 34. 329. 

Gustavsson, B., 8. Berestrém, 8. Linpstept and A. Norman. To 
be published. 

LinpsTepT, 8. and A. Norman a, Acta physiol. scand. 1955. 34. 1. 

LinpsTeptT, 8. and A. Norman b, Acta Chem. Scand. 1955. 9. 1042. 

LinpstepT, 8. and A. Norman, Acta physiol. scand. 1956. 38. 121. 

Norman, A., Acta physiol. scand. 1954. 32. 1. 

Norman, A., Acta physiol. scand. 1955. 33. 99. 


Fr 
De 
H 
BE 
ha 
an 
th 
in) 
art 
for 
cal 
in 

pe’ 
of 

chl 
thi 
wil 
tib 
sul 
sal 


rats 
and 


with 
been 
in a 
rats, 
> be 


‘ROM 


From the Department of Pharmacology, Karolinska Institutet, the 
Department of Surgery, Kungl. Veterinirhégskolan, Stockholm, and 
the Research Department, A.B. Leo, Hilsingborg, Sweden. 


Histamine Liberation Produced in the Perfused 
Paw of the Cat by 48/80 and Extracts from 
Jellyfish (Cyanea Capillata) and Eelworm 
(Ascaris Lumbricoides) from Swine. 

By 
BERTIL HOGBERG, GUNNAR THUFVESSON and BORJE UVNAS. 
Received 1 September 1956. 


_ Methods for the study of histamine liberation in perfused tissue 
have been reported in recent years — in perfused skin of the dog 
and cat, by FetpBere and ScuacuTeR (1952), and in the ear of 
the rabbit, by ScHacHTER (1953) and others. In the course of 
investigations on biologically occurring histamine liberators that 
are still proceeding at our laboratory, we have developed a method 
for studying the histamine liberation in the perfused paw of the 
cat. (A preliminary report was presented by UvnAds 1955.) Since 
in our opinion this method has certain advantages over the other 
perfusion methods that have been described, a brief description 
of our technique seems warranted. 


Technique. 


The paws were taken from cats under initial ether, followed by dial, 
chloralose or urethane anaesthesia. A circular incision was made 
through the skin and muscles of an extremity and the extremity cut 
with a pair of bone scissors just above the ankle (or the wrist). The 
tibial artery (or the radial artery) was dissected free near the cut 
surface and cannulated with thin plastic tubing filled with physiological 
saline. To prevent subsequent clotting, the vessels of the paw were 


953, 
und. 
329. 
To 
)42. 
121. 


136 BERTIL HOGBERG, GUNNAR THUFVESSON AND BORJE UVNAS, 


irrigated by injecting about 5 ml of physiological saline via the cannu- 
lated artery. To facilitate the outflow of perfusate, the cut surface was 
trimmed with a pair of scissors, in which procedure the veins were 
opened and small thrombi removed which might obstruct the venous 
outflow. The paw was then either directly mounted for perfusion or 
stored overnight at + 4° C in the refrigerator. In the latter case the 
paw was slowly warmed under a heat lamp before use. 

The paw was mounted vertically, claws upward, on a plastic disc. 
The solution to be perfused was kept at room temperature in a bottle, 
the height of which could be varied for adjustment of the perfusion 
pressure to the rate desired (usually about 5—10 ml per 10 minutes). 
To prevent the formation of N, bubbles in the perfusion fluid when 
heated in the glass spirals mentioned below, ‘the Tyrode’s solution was 
heated for 10 minutes at 60° C, then oxygenated. continuously either 
with pure oxygen or with carbogen (93.5 % O,++ 6.5 % CO,). 

The perfusion fluid was heated to 37° in passing:a glass spiral attached 
by clips to the plastic disc. The heat was delivered by an infrared lamp. 
A rubber tube ran from the glass reservoir to the glass spiral, and from 
there another short length of rubber tubing to the plastic cannula in 
the artery. Injections of substances to be tested were made into the 
latter tubingin a volume of 0.5 ml: To ensure prolonged contact between 
the liberating agent and the paw tissues the perfusion was stopped 
for 30 seconds just after the’ injection by clamping off the inflow of 
perfusion fluid. 

After passing the paw the perfusate was allowed to ooze from the cut 
surface and to run across the plastic disc into a groove at its lower 
border which drained into a test tube placed on ice. In order to min- 
imize drying of the cut surface and evaporation from the plastic 
disc, the disc and paw were enclosed by a curtain of polyethene suspend- 
ed from the upper rim of the disc. 

The perfusion pressure was adjusted to give a perfusion rate of about 
5—10 ml per 10 minutes. After a satisfactorily constant rate had been 
obtained, the spontaneous liberation of histamine was determined for 
two or three 10-minute periods before the substance to be tested -was 
injected. 

Usually one pair of paws (fore or hind) were mounted on the same 
polythene disc and perfused simultaneously from separate reservoirs, 
the one paw serving as a control. 

The perfusion fluid was tested directly on guinea-pig ileum in 2’ ml 
aerated Tyrode’s solution containing atropine sulphate 1 ug/ml at 
39° C. Histamine values are calculated as histamine base. The identity 
with histamine of the active substance in the perfusate was confirmed 
by the complete abolition of the effect on guinea-pig ileum by neoanther- 
gane (Anthisane) in concentrations 10-°—10~’. 

The histamine content of the paw was estimated in the following 
way. The skin and muscles of the paw were cut into small pieces with 
scissors, the bone broken, and the whole material then boiled for 5 
minutes in acidified Tyrode’s solution (10 ml Tyrode’s solution and 2 ml 
N HCl.per gram of paw). The boiled material was allowed to stand in 
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ABOVE: HISTAMINE LIBERATION IN THE PERFUSED PAW OF THE CAT PRODUCED BY 48/80. 


BELOW: PERFUSION RATE 
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Fig. 1. Histamine liberation produced in the perfused paw of the cat by 0.1, 
1, 10 and 100 yg 48/80. 


the refrigerator overnight, then filtered and repeatedly washed on 
cotton wool with Tyrode’s solution. After neutralisation with N Na 
OH the fluid was directly tested on guinea-pig ileum. 


Results. 


Fig. 1 shows the histamine liberation produced in paws of cats 
by 0.1, 1, 10 and 100 wg of 48/80. As will be seen, 48/80 caused an 
abrupt liberation of histamine, the highest amounts being found 
in the first or second 10-minute sample after the injection of 
48/80. The histamine output then gradually declined but could 
continue for hours, although greatly reduced, especially when 
higher doses — above 50 ug — were used. 

The spontaneous liberation of histamine from the perfused paws 
was low and could usually be detected, by direct testing of the 
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control paws not measurable by direct testing of the perfusion fluid. 
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perfusate on guinea-pig ileum, only during the first 10—20 min- 
utes of the perfusion. The initial release amounted to less than 
0.1—0.2 ug/ml and then decreased to amounts below 0.01 ug/ml. 

The 48/80 failed to empty the paws of their histamine content. 
In table 1 is recorded the histamine liberation during 90-minute 
periods after various amounts of 48/80, from 0.1 up to 200 ug. 
In all experiments, one paw of a pair (either fore or hind) was used 
as a control, being perfused only with Tyrode’s solution. After 
completion of the perfusion the total histamine content was 
determined in each paw. In this series a maximal release of 
histamine, 58 per cent of the total amount in 90 minutes, was 
obtained after injection of 100 ug. The reason why higher doses 
of 48/80 than 100 ug did not give rise to increased amounts of 
histamine is obscure but might be that in some, though not all, 
experiments such high doses of 48/80 rapidly produced oedema 
which obstructed the perfusion and hence the outflow of liberated 
histamine from the paw. In some experiments the perfusion flow 
was actually arrested by this oedema. The presence of oedema 
also influenced, of course, estimation of the remaining histamine 
in the paw, which yielded too high values: the more pronounced 
the oedema, the higher were these values. 

Table 1 also shows the degree of oedema and, hence, the reten- 
tion of interstitial fluid, measured as the increase in weight of 
the paw. Fluid was already retained in the paw during perfusion 
with Tyrode’s solution alone, but this tendency was heightened 
in most paws that received 48/80. We found no unequivocal 
correlation between the amount of histamine liberated and the 
degree of oedema present, although the latter tended definitely 
to rise with increasing doses of 48/80. We had the impression, too, 
that paws which had been stored in the refrigerator overnight 
became more oedematous than the others. 

Ten micrograms of 48/80 caused a substantial release of histam- 
ine from all paws tested. The amounts released varied appreciably 
from cat to cat. Those released during the first 60 minutes after 
injection of 48/80 varied, in the experiments reported in table 2, 
between 20 and 72 wg, the equivalent of 10—38 per cent of the 
initial contents of histamine in the paws. However, the fore and 
hind paws from one and the same cat, when taken in pairs, usually 
showed quantitatively a fairly consistent histamine liberation 
(table 3). The histamine liberation in one paw of a pair could 
therefore be taken as a criterion of the. histamine liberating power 
11—563562. Acta phys. Scandinav. Vol. 38. 


NAs. 

nN 

oO 

BS | 

ou 

> 

; | 

J 
| 


> 
| | | | 
a | | | 61 | 661 | T9T | 88 | POT | GIT | oF eg | & | 
Ler) | | | | | | 
| at | 90 | 19 | ut | tte | get | ge | | | | tor | 19 | se | & | 
= 
| | | | | 

a je | ot | jee || vt | os jem |e | | | 
< | | | 
| 

M | | | | 

2 | rt | |os |eve | we joo || rt | | rer jor | ev | & | 
> - | 

61 | | | 8% | zor | ost | || ot | ee | 1s | eat jee | ve | | 

| | 

|— | vo | w |or |oos jest jos || — | — |— |— |— |— | oe | | oti 
< 

| | enssty | | ensst | | 

wed med | 3/37 | med jo | | pein poseoy 3/37 med jo = [e107 34 xeg | 

| jo | 

= 08/8F 37 OT Aq poonpoid ‘480 oy} Jo med posnzsod oy} ur JO OY} PUB OY} UT 
‘08/9¢ fq poonposd wosf smod gy ur aurmmsry fo asvajas ay 


HISTAMINE LIBERATION PRODUCED IN THE PERFUSED PAW. 


| OF 


08 pury — 1¢ OF | | | | 
in | | 
| | | | | | survosy 
9¢ pury | 90 LET 9€ 06 37 OT | | 
ra! | 6¢ pury 20. | O6T GF | 06 37 OT | 08/8F | 9¢—2/12 
FI | | 6'0 | 6T | TLT | 06 37 QT | 08/87 
ia! | | UT 92 sit | IF 06 37 OT | 08/8F 
| pury | | | Ser | 06 37 OT | 08/8F 
itd pury ra 06 31 OT | 3} | 9¢—z/9 
GT | 02 | 961 | | OF | 06 | | | 
16 6€ pury | | 68 06 37 QT | 08/8F 
1Z pur | 6° CF CIT 06 | 37 OT | 08/8F 
IT oF pury L6 06 37 OT | | 
6 | CF pury — 06 OT | | 
ST | | rT | | T9T | OOT | 19 09 37 OT | 08/8F | | 
I? | | Puy | | | eg | 08 | 37 OT | 08/8F | | cc—6/6T 
% onssty | | | 
3 Sutureu | posva 
qysiem Jo 3/37 aye | 
37 med oy} Ul 


*(pury 10 sared ur Jo Med posnziod oyy ut 37 QT Aq poonpoad 
‘uoynindaid siavasp un fig puv paonposd ywo ay; wos smvd fo sand ur aurwnjsry fo asvajas ay 


142 BERTIL HOGBERG, GUNNAR THUFVESSON AND BORJE UVNAS. 


ABOVE: HISTAMINE LIBERATION IN THE PERFUSED PAW 
OF THE CAT PRODUCED BY 40/80, AND BY AN EXTRACT 
FROM CYANEA CAPILLATA. 


BELOW: PERFUSION RATE. 
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Fig. 2. Histamine liberation produced in the perfused paw of the cat by an extract 
from Cyanea capillata, and by 48/80, 


of a substance in relation to a certain amount of 48/80. Occasion- 
ally, however, the total contents of histamine or the amounts 
liberated were markedly different in two paws of a pair, which 
fact calls for circumspection in drawing quantitative conclusions. 
As a reference dose of 48/80 we mostly used 10 yg, which dose 
caused a moderate release of histamine and a degree of oedema 
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ABOVE: HISTAMINE LIBERATION IN THE PERFUSED PAW 


OF THE CAT PRODUCED BY A PURIFIED EXTRACT FROM 
ASCARIS LUMBRICOIDES . 


BELOW: PERFUSION RATE 
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Fig. 3. Histamine liberation produced in the perfused paw of the cat by an extract 
from Ascaris lumbricoides. 


that usually was only slightly more pronounced than that after 
perfusion with Tyrode’s solution alone. 

The perfused paw of the cat also released histamine under the 
influence of extracts from jellyfish (Cyanea capillata) which occurs 
along the west coast of Sweden during the summer. Fig. 2 shows 
the histamine liberation produced by an active product obtained 
simply by repeated precipitation with alcohol by a modification 
of Richet’s procedure (1905). 

The paw also reacted to an agent present in an extract of 
eelworms from swine (Ascaris lumbricoides Fig. 3). The fairly 
active histamine liberating agent obtained from this species of 
Ascaris — 50 yg of the substance has about the same releasing 
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power as 10 wg 48/80 — was prepared by repeated precipitation 
in alcohol, followed by passage through a column (Amberlite 
XE-64) saturated with ammonium-acetate buffer at pH 7.8 and 
eluted with M/10 H,NOH. 


Comments. 


The cat’s paw perfused with Tyrode’s solution liberates histam- 
ine when 48/80 and extracts of jellyfish (Cyanea capillata) 
and eelworm from swine (Ascaris lumbricoides) are added to the 
perfusion fluid. Although tissue other than skin is involved in 
the perfusion, the test preparation seems to have certain ad- 
vantages over other methods used for determining histamine 
liberation from perfused skin. It is easier to handle than skin 
flaps from the area around the saphenal vessels (FELDBERG and 
ScHACHTER); and vascular spasm, which is rejorted to occur 
and which hampers the perfusion in that preparation, has not 
been observed in the paw. The cat’s paw seems to be more sen- 
sitive than the rabbit’s ear to the histamine liberating agents 
studied. It can be stored in the refrigerator overnight, and the 
spontaneous release of histamine is low. The action of a histamine 
liberating agent can be shown after hours of perfusion with 
Tyrode’s solution. By using a pair of paws (fore or hind) one of 
them can serve as a control, since the two paws of a pair show 
quantitatively a fairly consistent response to the action of the 
liberating agents used. 


Summary. 


A technique is described for the use of the perfused paw of the 
cat as a test object for assaying the activity of histamine liberating 
agents. 
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Functional Organization of the Ventral 
Spino-Cerebellar Tract in the Cat. 


I. Electrophysiological Identification of the Tract. 
By 


O. OSCARSSON. 
Received 31 August 1956 


The dorsal spino-cerebellar tract (DSCT) has been thoroughly 
investigated both with anatom cal and physiological methods. 
In a recent series of papers (LAPORTE, LUNDBERG and OscaRssoN, 
1956 a, b; Laporte and LunpBERG, 1956; LUNDBERG and Os- 
CARSSON, 1956; Hotmeavist, LUNDBERG and OscarRsson, 1956) 
DSCT neurons have been shown to be discharged on stimulation 
of afferents from muscle spindles and Golgi tendon organs. 

In comparison with the DSCT the ventral spino-cerebellar 
tract (VSCT) has been little investigated. Even the anatomical 
data are incomplete in as much as the cells of origin are not 
known with certainty. The course of the tract, however, is well 
mapped out by anatomical work (cf. Yoss, 1953). It occupies a 
superficial area of the spinal cord ventral to the DSCT and enters 
the cerebellum after looping up over the superior cerebellar 
peduncle (SCP) where it forms the superficial layer. 

In two recent publications (CARREA and GRUNDFEST, 1954; 
JANSEN and Bropat, 1954) reviews of anatomical and physio- 
logical investigations on the VSCT are given. Only one detailed 
physiological study has been made (CarRREA and GRUNDFEST, 1954). 
According to this the VSCT is activated from ipsilateral and 
contralateral muscle and skin nerves. Single shock stimulation 
of all these types of nerves caused longlasting activity (up to 
30 msec) in the tract and the maximal conduction velocity was 
assessed at 80 m/sec. 
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In the present investigation recording of the mass discharge 
of the tract gave results different from those found by Carrga 
and Grunprest. Activity in the VSCT could be obtained only 
on contralateral muscle nerve stimulation and consisted of a 
surprisingly well synchronized discharge with a duration of about 
2 msec. The conduction velocity was found to be slightly greater 
than that of the DSCT (about 120 m/sec against 110 m/sec for 
the latter). 

Some of the experiments were performed in collaboration with 
B. Hoxtmgvist and have already been reported in a preliminary 
paper (Hotmgvist and Oscarsson, 1956). 


Methods. 


The experiments were performed on cats under nembutal anesthesia 
(40 mg/kg intraperitoneally). The VSCT discharge was recorded from 
the surface of the anterior vermis, from the surface of the SCP and from 
various levels of the spinal cord. Recordings from the vermis and 
the SCP were done in decerebrate animals with the cerebellar ten- 
torium removed. 

For recording from the anterior vermis the inferior colliculi were 
partly ablated in order to give access to the dorsal folia of the lobulus 
centralis. The most rostral parts of the vermis were not uncovered 
in order to avoid damage to the VSCT. The recordings were made 
with a small silver bail electrode placed on the cerebellar surface. 
The indifferent electrode was in contact with the bone in the cranial 
cavity. 

The SCP was exposed for recording by sucking away a small lateral 
part of the vermis and in some experiments also part of the inferior 
colliculus. The electrode arrangement was similar to that used for 
recording from the cerebellar surface. 

The spinal cord was prepared for recording by transection and by 
a dissection similar to that used by Laporte et al. (1956 a). In some 
experiments Flechsig’s and Gower’s fasciculi were dissected in parallel 
and simultaneous recordings from the two fasciculi were made at the 
same segmental level. 

The lower lumbar region of the spinal cord was exposed for recording 
from the dorsal root entry zone. In many experiments also other 
laminectomies were performed making access to the cord for different 
types of restricted lesions. These were afterwards controlled histo- 
logically after fixation in 10 per cent formalin. Serial sections 50 yu 
thick were cut with the freezing technique and examined unstained 
in the microscope. 

The rectal temperature was held within 36—38.5° C. The exposed 
parts of the spinal cord were covered with warm mineral oil. This 
together with a high room temperature (about 28° C) diminished 
the risk of local cooling. 
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Results. 


1. Recording from the SCP. 

In order to establish the characteristics of the mass discharge 
of the VSCT, recordings were made from the surface of the 
exposed SCP on stimulation of hindleg nerves. In this region 
the VSCT forms a superficial layer covering the peduncle and 
recorded potentials could be expected to derive from activity 
in this tract. Fig. 1 shows a typical experiment with records 
from the surface of the SCP on supramaximal stimulation of 
ipsilateral and contralateral muscle and skin nerves. No discharge 
appeared on either ipsilateral or contralateral skin nerve stimula- 
tion (2 and 4). This negative result was a regular finding in experi- 
ments of this type. In order to evoke large potentials for testing 
the effect of muscle nerve stimulation the hamstring and quadri- 


Fig. 1. Mass discharge in the VSCT appearing on contralateral muscle nerve 
stimulation only. Upper records from the surface of the left SCP on supramaximal 
stimulation of ipsilateral muscle nerve (combined stimulation of the hamstring 
and quadriceps nerves, record 1) ipsilateral skin nerve (the superficial peroneal 
nerve, record 2) and corresponding contralateral muscle (record 3) and skin 
(record 4) nerves. Dots mark stimulus artefacts. The lower records were obtained 
at the end of the experiment from the dissected left half (except dorsal column) 
of the spinal cord for control of the preparation. The same nerves as stimulated 
in the corresponding upper records were used. Same amplification in all records. 


ceps nerves were simultaneously stimulated. Stimulation of the 
contralateral muscle nerves gave a well synchronized potential 
(3) with a latency of 5.3 msec and a duration of 2.1 msec. In 
other cases the latency on thigh nerve stimulation was between 
4.5 and 5.5 msec and the duration between 0.9 and 2.5 msec. 
In the experiment illustrated in Fig. 1 no potential appeared on 
ipsilateral muscle nerve stimulation (1). 

In order to ascertain if the preparation was in good condition, 
the relevant half of the spinal cord (except the dorsal column) 
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was afterwards dissected and recorded from. As can be seen in 
the lower records in Fig. | all the relevant nerves caused large 
potentials in the cord. The ipsilateral muscle nerves gave a fast 
discharge which was about twice as high as that caused by contra- 
lateral stimulation. This discharge is due to activity in Flechsig’s 
tract (see below). The later longlasting discharges on muscle nerve 
stimulation and the discharges on skin nerve stimulation are 


propagated with a velocity of up to about 100 m/sec. and will , 


be discussed in a later paper. Of these discharges the only one 
that could be recorded at the SCP was that corresponding to 
the small fast discharge appearing on contralateral muscle nerve 
stimulation. 

As in most experiments the potential recorded at the SCP in Fig. 1 
was positive. This presumably indicates injury of the tract at the 
place of the electrode (cf. SauNDERs, 1955). Only in one experiment 
was the recorded potential definitely triphasic with a prominent 
negative phase. However, this potential gradually changed during 
the experiment and after some time only the initial positivity re- 
mained, indicating a successively increasing damage to the tract 
at the proximity of the recording electrode. The damage may 
partly be caused during the dissection but is probably also due 
to injury at the point of contact between the electrode and the 
tract which forms such a thin surface layer of the SCP. As the 
potential is positive, it cannot be used for measuring the con- 
duction velocity. 

On stimulation of thigh muscle nerves in some cats the group I 
volley recorded at the dorsal root entry zone has two components. 
The segmental synaptic connections of the afferent fibres corre- 
sponding to these components suggest that they correspond to 
group Ia and Ib 7.e. muscle spindle afferents and Golgi tendon 
organ afferents respectively (BRADLEY and 1953; 
Fatt, LANDGREN and WinsBury, 1956; Eccites, and LAnp- 
GREN, 1956). The two components of the group I will in the 
following be denoted as the group Ia and Ib volleys (cf. LUNDBERG 
and Oscarsson, 1956). Preparations with good separation between 
the Ia and Ib volleys were used to establish what kind of afferents 
caused the VSCT mass discharge. Fig. 2 illustrates such an ex- 
periment. The contralateral hamstring nerve was stimulated with 
increasing strength and the ingoing volley and the tract discharge 
at the SCP were simultaneously recorded. No mass discharge 
can be observed in record 1 with a maximal group Ia volley, 
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Fig. 2. Appearance of the VSCT mass discharge with the second component of 

the ingoing group I volley. Simultaneous recordings from the SCP and from 

the L VII dorsal root entry zone on increasing stimulation of the contralateral 
hamstring nerve. 


The curve was obtained by using all the records from the experiment. The 
magnitude of the mass discharge recorded from the VSCT is plotted against the 
magnitude of the ingoing volley (separate measurements for the Ia and Ib volleys). 
The threshold for group II was assessed at the end of the experiment from dorsal 
root filament recordings. See text. 


but it appears in record 2 with a further increase of the Ib volley. 
Records 3 and 4 were taken with successively larger group Ib 
volleys and show further growth of the discharge. In record 5 
group II is also included and can be seen as a small hump in 
the dorsal root record. The mass discharge does not increase 
significantly between the two last records. 

The correlation between the ingoing volley and the mass dis- 
charge is even better displayed by the curve in the same figure. 
In this curve all the records from the experiment were used to 
plot the magnitude of the mass discharge against the magnitude 
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root filament recordings at the end of the experiment. Some of 
the records were taken with constant stimulus strength and the 
last vertical row of plottings was taken from records with stimula- 
tion supramaximal to group II. The curve shows the appearance 
and increase of the mass discharge with group Ib with no further 
addition on supramaximal group I stimulation. This strongly 
suggests that the VSCT neurons are excited mainly or exclusively 
from Golgi tendon organ afferents. 

The localization of the tract in the spinal cord was investigated 
in experiments of the type illustrated in Fig. 3. The contralateral 
sciatic nerve was stimulated and the potential recorded at the 
SCP. In the lower thoracic region the contralateral half of the 
spinal cord and the dorsal part of the ipsilateral half was severed 
as shown in the diagram. This caused no reduction in the magni- 
tude of the discharge but this disappeared (last record) after a 


5Smsec 


Fig. 3. Localization of the VSCT in the spinal cord. Recordings from the SCP 
on supramaximal stimulation of the contralateral sciatic nerve. Record 1 before 
and record 2 after contralateral hemisection of spinal cord + ipsilateral section 
of Flechsig’s fasciculus at the lower thoracic region as shown in the upper diagram. 
Record 3 after a superficial lesion in the ipsilateral ventral quadrant at the 
same level (lower diagram). 


of the ingoing volley (separate measurements for the Ia and Ib | 
volleys). The threshold for group II was assessed from dorsal | 
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superficial lesion of the ipsilateral ventral quadrant (lower diagram). 
This is in good conformity with the assumption that the discharge 
represents activity in the VSCT. By histological methods Yoss 
(1953) has shown that the VSCT axons arising from the lower 
lumbar levels in the lower thoracic region occupies an area which 
corresponds well to the lesion shown in the figure. 

In a few experiments a potential was also recorded on ipsilateral 
muscle nerve stimulation. This potential was always much smaller 
than the one appearing on contralateral stimulation but had 
about the same latency. It had a duration at least twice as long 
as the other and usually had a double summit such as may be 
seen in the mass discharge of Flechsig’s tract. The discharge 
always disappeared after a lesion in the spinal cord corresponding 
to the region of the DSCT and is probably due to recording from 
the restiform body. As could be expected the potentials evoked 
by contralateral and ipsilateral stimulation increased or decreased 
independently when the recording electrode was moved for a 
short distance. The assumption that the discharge recorded on 
ipsilateral stimulation was due to activity in the DSCT was 
further confirmed in the experiment illustrated in Fig. 4. In 
this case the SCP was exposed more extensively than usually 
and it was possible to record the two potentials in isolation by 
moving the recording electrode a short distance. When the elec- 
trode was placed rostrally on the exposed peduncle (position A, 
Fig. 4) a potential could be recorded on contralateral stimulation 
only. The discharge from the quadriceps nerve appeared only 
when group Ib was included as judged from the dorsal root 
entry zone recording. Recording more caudally with the electrode 
near the restiform body (position B) gave a potential on ipsi- 
lateral but not on contralateral quadriceps nerve stimulation. 
The potential on ipsilateral stimulation appeared already with 
a very small Ia volley. This potential is of longer duration than 
that caused by contralateral stimulation and has a shape typical 
for the discharge in Flechsig’s tract. As the potentials on quadri- 
ceps nerve stimulation were rather small, the sciatic nerve was 
also used. The results on stimulation of this nerve were similar 
to those on muscle nerve stimulation with the exception that 
the potential recorded on ipsilateral stimulation was more long- 
lasting than could be accounted for by a discharge in the DSCT 
only. While the initial part of the discharge is due to DSCT 
activity the later part presumably corresponds to the second 
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Fig. 4. Separate recordings from the VSCT and DSCT. The recordings were ob- 
tained from the surface of the SCP near the corpora quadrigemina (position A) 
and near the 'restiform body (position B). Supramaximal stimulation was used 
except in the left records of those with simultaneous L VI dorsal root entry zone 
recordings. The positions are shown in photograph of cerebellum sectioned sag- 
ittally through the restiform body and with part of the anterior vermis and 
inferior colliculus removed. The diagram shows ipsilateral lesion made in the lower 
thoracic region before the right vertical row of records was taken. 


potential that can be recorded from the surface of the cerebellum 
and which appears on skin nerve stimulation (LAPORTE et al. 
1956 a). As had been shown to be the case with this second 
potential, the later part of the discharge was abolished during 
repetitive stimulation. 

The right vertical row of records was taken after a lesion in 
the ipsilateral half of the cord approximately corresponding to 
the area occupied by the DSCT. The diagram shows the extension 
of the lesion. The potentials on contralateral stimulation did not 
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decrease whereas those appearing on ipsilateral stimulation were 
much reduced. 


2. Recording from the spinal cord. 

The results in the previous section showed that the VSCT 
mass discharge appears on stimulation of contralateral group Ib 
afferents only. However, the potential recorded at the SCP was 
often rather small and usually positive indicating injury of the 
tract at the proximity of the recording electrode. Further studies 
of the VSCT mass discharge were therefore much facilitated by 
the finding that the discharge could readily be recorded from 
the spinal cord. 

If the ventro-lateral quadrant is isolated by dissection it is 
possible to record the VSCT discharge from it almost uncontam- 
inated with activity from the DSCT as is illustrated in Fig. 5. 
The ventro-lateral quadrant was dissected on the left side and 
Flechsig’s fasciculus on the right side at the same segmental level 
(Th XII). The approximate areas being indicated in black in 


Fig. 5. Identification of the VSCT discharge recorded from the spinal cord. 
Crossing and noncrossing of the VSCT and DSCT. Simultaneous recordings from 
the L VII dorsal root entry zone (upper beam), the dissected right Flechsig’s 
fasciculus (middle beam) and the dissected left ventro-lateral quadrant (lower 
beam) on increasing stimulation of the right (records 1—5) and left (records 6—9) 
hamstring nerve. The diagram shows in black the approximative areas of the 
dissected fasciculi in transection. See text. 
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the diagram. Records 1—5 show simultaneous recordings from 
the right dorsal root entry zone (upper beam), from the dissected 
Flechsig’s fasciculus (centre beam) and from the dissected ventro- 
lateral quadrant (lower beam) on increasing stimulation of the 
right hamstring nerve. In the dissected Flechsig’s fasciculus a 
mass discharge appeared with a small group Ia volley (1) and 
increased almost to its maximum with this volley (2). This is in ac- 
cordance with the findings of LUNDBERG and Oscarsson (1956) for 
the mass discharge in the DSCT. As could be expected a discharge 
in the ventral quadrant appeared only when the group Ib volley 
was included and the recordings are in good conformity with 
the results on the VSCT discharge reported in the previous section. 

Records 6—9 were taken on increasing stimulation of the left 
hamstring nerve with the dorsal root electrode moved to this 
side but with recording from the same dissected fasciculi as in 
records 1—5. In the dissected Flechsig’s fasciculus no potential 
appeared before inclusion of a small part of the grouv Ib volley 
(8) and increased only slightly on supramaximal stimulation. 
This indicates that the recorded mass discharge was due to VSCT 
activity in a small part of this tract that had been included in 
the dissected Flechsig’s fasciculus. The lack of discharge with 
the group Ia volley indicates that the DSCT is completely or 
almost completely uncrossed. Though the noise level in this and 
other experiments does not permit the determination of a very 
small mass discharge, the crossed fibres must certainly fal! below 
a few per cent of the total number in the DSCT. 

In the ventral quadrant a discharge on ipsilateral muscle nerve 
stimulation was recorded already with the group Ia volley, and 
this discharge increased very little with the inclusion of the 
components activated by stimulation supramaximal to group Ia 
(records 8 and 9). This suggests that the discharge derives from 
DSCT activity. The small increase of the discharge after the 
group Ia volley may well be attributed to the Flechsig’s tract since 
it is proportional to the corresponding increase in the upper row 
of records. No appreciable contribution from VSCT activity was 
found. In this case the rather small potential of the discharge 
in the VSCT on contralateral stimulation and the uncertainty 
introduced through the occurrence of the DSCT discharge make 
an estimation of any uncrossed component difficult, but the 
recordings from the SCP indicate that most or all of the fibres 
are crossed. In no case has any discharge been recorded that 
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could be assigned to activity in uncrossed VSCT fibres or crossed 
DSCT fibres. 

This circumstance is very convenient, for the fast mass dis- 
charge recorded from the dissected half (except the dorsal column) 
of the spinal cord on contralateral muscle nerve stimulation can 
be used for a further analysis of the properties of the VSCT. 
Similarly the mass discharge on ipsilateral stimulation can be 
used as a measure of the activity in the DSCT. 

The magnitude of the mass discharge in the ventral and the 
dorsal spino-cerebellar tracts can be compared in experiments 
with recording from one half of the spinal cord on stimulation 
of corresponding contralateral and ipsilateral nerves. In all cases 
the VSCT gave the smaller potential, usually with about half 
the magnitude of the potential due to the DSCT. Typical po- 
tentials are shown in records 5 and 7 in Fig. 1 and records 7 
and 8 in Fig. 9. 

When the fast discharge on contralateral muscle nerve stimula- 
tion was recorded from half of the spinal cord in the upper 
thoracic region and then in the lower thoracic region, it was 
possible to estimate the propagation velocity of the fastest fibres 
in the VSCT. In the experiment illustrated in Fig. 6 the velocities 


Fig. 6. Comparison of the conduction velocities of the VSCT and DSCT. Records 

1 and 3 from dissected spinal half (except dorsal column) in the upper thoracic 

region and records 2 and 4 from later dissected spinal half in the lower thoracic 

region. Supramaximal stimulation of contralateral L VII dorsal root (records 1 

and 2) and of ipsilateral L VII dorsal root (records 3 and 4). Distance between 
the two recording places 6.2 cm. 


of the VSCT and the DSCT were compared by recording from the 
dissected spinal half on contralateral and ipsilateral L VII dorsal 
root stimulation respectively. The velocity of the VSCT was 124 
m/sec and that of the DSCT 104 m/sec. In three other experiments 
12-—563562. Acta phys. Scandinav. Vol. 38. 
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the velocities of the DSCT and the VSCT were compared. This 
was done either by recording from the same dissected half of 
the spinal cord and stimulating the ipsilateral muscle nerve and 
then the contralateral one or by recording as in Fig. 5. The values 
for the DSCT were 104, 108 and 110 m/sec and the corresponding 
values for the VSCT were 120, 115 and 123 m/sec. Despite the 
faster conduction velocity in the VSCT the discharge recorded 
at Th XIII appears 0.10—0.35 msec after that in the DSCT. 
This shows that the latency of initiation is greater in the VSCT 
than in the DSCT neurons. 


Fig. 7. Simultaneous recordings from dorsal root entry zone (L VII) and dissected 

spinal half (except dorsal column) on supramaximal stimulation of ipsilateral 

(record 1) and contralateral (record 2) hamstring nerve. Distance between re- 
cording places 9.9 cm. 

The synaptic delay for propagation from primary afferents to 
the DSCT neurons was studied by Litoyp and McIntyre (1950) 
and found to be about 0.6 msec (including the time for propaga- 
tion in the collaterals of the primary afferents). Fig. 7 shows 
simultaneous recordings from L VII dorsal roots and from the 
half of spinal cord dissected 9.9 cm more cranially on stimulation 
of the hamstring nerves. The delay of the DSCT volley is 1.9 
msec and that of the VSCT volley 2.1 (measured from the be- 
ginning of the second component of the input volley). Probably 
there is a slightly longer synaptic delay for the VSCT than for 
the DSCT, but this central delay would be far too short for an 
interneuronal relay, i.e. the VSCT neurons are monosynaptically 
activated as are the DSCT neurons. 

The segmental level of the spinal relay will be discussed in a 
later paper (OscaRsson, 1956, to be published). 


3. Recording from the cerebellum. 


Definite proof that the previously asiahyeed discharge was due 
to VSCT activity would be obtained if this discharge could be 
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recorded from the cerebellar surface after a delay that excluded 
synaptic relays. That this is the case will be shown in the present 
section. 

On stimulation of hindleg nerves GRuNDFEST and CAMPBELL 
(1942) recorded from the anterior vermis an early sequence of 
three positive potentials. The first potential appeared on muscle 
nerve stimulation, whereas the second and third ones were evoked 
by cutaneous nerve stimulation (Laporte et al. 1956 a). The 
first two components were at least partly abolished after section 
of the ipsilateral Flechsig’s fasciculus. The first potential was 
assumed to be due to DSCT activity. However, the finding of 
a high conduction velocity for the VSCT makes it possible that 
this early potential may partly be caused by a discharge in this 
tract. This assumption proved to be correct. 

The finding that the VSCT is crossed whereas the DSCT is 
uncrossed was made use of to devise experiments in which the 
cerebellar potentials caused by the dorsal and ventral spino- 
cerebellar tract could each be studied in isolation. This was done 
by hemisection of the spinal cord in the lower thoracic region. 
In such a preparation any early potential recorded from the an- 
terior vermis on stimulation of hindleg nerves ipsilateral to the 
intact half of the spinal cord must be mediated by the DSCT, 
whereas such a potential on contralateral stimulation must be 
due to a discharge in the VSCT. 

The potentials on stimulation of single muscle nerves were 
usually rather small but could be identified as due to discharges 
in the VSCT and the DSCT respectively by using graded stimula- 
tion and judging the ingoing volley. In the experiment illustrated 
by Fig. 8 the hamstring nerve was used. The records show super- 
posed recordings from the most anterior part of the culmen in 
the midline and simultaneous recordings of the ingoing volley 
from the dorsal column at the L VI level. The upper records 
were obtained on increasing stimulation of the contralateral 
(relative to the intact side of the spinal cord) nerve. With a 
maximal pure group Ia volley no potential is to be seen (record 1) 
but inclusion of a small part of the Ib volley results in a potential 
with a latency of about 5 msec (record 2). The potential increased 
with the group Ib volley, indicating that it was due to a dis- 
charge mediated by the VSCT. Stimulation of the ipsilateral 
nerve, on the other hand, displayed the characteristics of the 
DSCT discharge. A slightly more longlasting potential with the 
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Fig. 8. Identification of the discharges of the VSCT and DSCT at the cerebellar 
surface. Simultaneous superposed recordings from dorsal column at the L VI 
segment (lower beam) and from the surface of the anterior vermis at the midline 
of the rostralmost folium of the culmen. Spinal cord hemisectioned in the lower 
thoracic region. Records 1—3 on contralateral (relative to the intact half of the 
spinal cord) and 4—5 on ipsilateral hamstring nerve stimulation. See text. 


same latency was evoked by a very low threshold group Ia volley 
(record 4) and increased very little on increasing the group I 
stimulation to maximal (record 5). 

The completeness of the hemisection was afterwards controlled 
by recording in the upper thoracic region. On stimulation no 
potential could be recorded from the spinal half ipsilateral to 
the lesion, but large discharges were recorded from the contra- 
lateral side. 

In another similar experiment the sciatic nerves were used in 
order to evoke larger potentials. Fig. 9 shows recordings from 
the anterior vermis on ipsilateral (left records) and on contra- 
lateral (right records) stimulation. Ipsilateral stimulation results 
in the three potentials discussed previously, but on contralateral 
stimulation only the first and third potentials appear (record 2). 
The third potential showed marked signs of excitability fluc- 
tuations both on ipsilateral and contralateral stimulation. In the 
upper recording to the right (2) the third potential is large, 
whereas in the lower recording taken about ten seconds later it 
is barely detectable. With ipsilateral stimulation the third po- 
tential was never observed to reach the magnitude of the one 
caused by contralateral stimulation. 
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Fig. 9. Recordings from the cerebellar surface at the midline of the rostral part 
of the culmen on supramaximal stimulation of sciatic nerve (I—4) and L VII 
dorsal root (6—6). Hemisection of the spinal cord in the lower thoracic region. 
Left records on ipsilateral (relative to the intact half of the spinal cord) and 
right records on contralateral stimulation. Last two records were obtained from 
the intact spinal half (except dorsal column) dissected at the end of the experi- 
ment cranial to the hemisection. Stimulation of ipsilateral (7) and contralateral 
(8) L VII dorsal root. Same amplification in records 3—6. Records 1—2 and 
7—8 with lower amplification. 


The first and second potentials on ipsilateral stimulation and 
the first one on contralateral stimulation are better displayed in 
records 3 and 4 taken with a higher sweep speed. The first po- 
tential follows a high stimulation frequency whereas the second 
one fails with a relatively low repetition rate, as has already 
been reported by Laporte et al. (1956 a). 

The next four records’ are from the same experiment but on 
stimulation of the L VII dorsal roots. The first potential appears 
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with almost exactly the same latency on contralateral as on 
ipsilateral stimulation (records 5 and 6). This occurs in spite of 
the longer latency found for the VSCT discharge as recorded 
from the afterwards dissected spinal half in the midthoracic 
region. At this level the VSCT discharge appeared between 0.1 
and 0.2 msec later than the DSCT discharge (records 7 and 8). 
It is of interest to note that the potentials recorded from the 
cerebellar surface were of approximately the same magnitude 
whereas on recording from the spinal cord the VSCT discharge 
was much smaller than the DSCT one. This was also the case 
in the experiment illustrated in Fig. 8. 

The completeness of the hemisection was confirmed as in the 
previous experiment. 

No attempt has been made to map exactly the areas from which 
the VSCT and DSCT potentials could be recorded. It was, how- 
ever, observed that on stimulation of nerves belonging to the 
lower lumbar segments potentials could be recorded from the 
rostral folia of the culmen and from the dorsal folia of the lobulus 
centralis, which was the rostralmost part of the vermis that was 
exposed. Both the VSCT and DSCT potentials were large near 
the midline and decreased in amplitude laterally. Small potentials 
could be recorded from the lateral parts of the vermis in most 
cases. The VSCT potential was largest contralaterally to its tract, 
whereas the DSCT potential was largest on the same side as the 
respective tract. This is in accordance with histological evidence 
that most VSCT fibres cross to terminate contralaterally to the 
tract, while most DSCT fibres terminate ipsilaterally (McNa.ty 
and HorsLey, 1909; Beck, 1927; ANDERSON, 1943 and others). 


Discussion. 


The characteristics of the VSCT discharge were determined by 
recording from the surface of the SCP, where the tract is isolated 
from other ascending spinal tracts. The VSCT was found to give 
a well synchronized mass discharge of short duration on stimula- 
tion of contralateral muscle nerves (hindleg). Stimulation of skin 
nerves or ipsilateral muscle nerves gave no mass discharge. 
Evidence for the assumption that the recorded potential was due 
to a discharge in the VSCT was acquired from the fact that 
the discharge remained after contralateral hemisection of the 
spinal cord and ipsilateral section of the Flechsig’s fasciculus, 
but disappeared after a superficial lesion of the ipsilateral ventral 
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quadrant. Definite proof that the analysed discharge derived 
from the VSCT was obtained by recording from the surface of 
the anterior vermis, where the discharge appeared after a latency 
that excluded synaptic relay. 

The reported findings about the VSCT are not in conformity 
with those of CaRREA and GruNDFEsT (1954). According to them 
the VSCT discharge is longlasting and elicited from ipsilateral 
and contralateral muscle as well as skin nerves. The conduction 
velocity for this discharge was assessed to maximally 80 m/sec. 
It seems likely that the potentials they recorded do not derive 
from activity in the VSCT but from some other ascending tract. 
In the ventro-lateral quadrant of the spinal cord fibres are found 
which give a repetitive longlasting discharge on stimulation of 
skin and high threshold muscle afferents. Convergence from 
ipsilateral and contralateral muscle as well as skin afferents 
onto the same neuron is often extensive. These fibres have con- 
duction velocities up to about 100 m/sec (Oscarsson, 1956, to be 
published). The termination of these fibres are not known but 
some of them may make synaptic contacts with relay nuclei in 
the medulla oblongata and set up discharges in cerebellopetal 
fibres. It may be such activity that was recorded by CaRREA 
and Grunprest. Another possibility is that they have recorded 
from cerebellofugal fibres in the superior cerebellar peduncle. 
GOLDMAN and SNIDER (1955) have shown monosynaptic connec- 
tions between afferent cerebellar pathways and efferent fibres 
arising in the dentate nucleus. They recorded a discharge in 
the brachium conjunctivum on stimulation of the restiform body, 
brachium pontis and inferior olive after a latency of 1.0—-1.5 msec. 

The conduction velocity of the fastest VSCT fibres was shown 
to be 10—20 m/sec higher than that of the DSCT fibres. This 
compensates for a slower conduction velocity in the primary 
afferents and for a probably slightly longer synaptic delay so 
that the VSCT discharge appears at the cerebellar cortex simul- 
taneously with the DSCT discharge. The high conduction velocity 
was not completely unexpected. The VSCT fibres occupy a super- 
ficial layer of the ventro-lateral part of the spinal cord (Bruce, 
1910; Yoss, 1953 and others) and in this region, only partly 
corresponding to Hiiggquist’s area 8, fibres of a large diameter 
are found. HAgequist (1936) in his analysis of fibre diameters 
of the spinal cord (human) pointed out that the coarsest fibres 
(15—21 mw) are rare, but are most common in Flechsig’s fasciculus 
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and in the peripheral part of the anterior lateral funiculus (Vor- 
derseitenstrange). BRucE showed that a very superficial lesion in 
the ventro-lateral quadrant of the cord resulted in degeneration 
of fibres that could be traced to the SCP and the cerebellum. 
He found that “these fibres are quite as large and coarse as 
those of Flechsig’s fasciculus”. 

The further analysis of the VSCT was greatly facilitated by 
the finding that the VSCT is crossed whereas the DSCT is un- 
crossed. 

Evidence that the DSCT is uncrossed was obtained from the fact 
that no mass discharge appeared with a Ia volley in the dissected 
Flechsig’s fasciculus on contralateral muscle nerve stimulation. 
Further proof has been acquired during the course of experiments 
with micro-electrode recording of single axons in the VSCT 
(Oscarsson, 1956, to be published). The area occupied by the VSCT 
was reached by traversing the Flechsig’s fasciculus under contin- 
uous stimulation of contralateral muscle nerves. Only on one 
occasion was a DSCT fibre recorded against several hundreds of 
VSCT fibres. Thus for all practical purposes the DSCT can be 
considered as uncrossed. 

The completeness of the crossing of the VSCT fibres is less 
certain, for the only evidence has been derived from observations 
on the mass discharge. However, it has been a constant finding 
that on ipsilateral stimulation there is no detectable discharge 
attributable to VSCT activity, even on stimulation of dorsal 
roots giving large potentials; hence all but a very few fibres 
must be crossed. 

Histological findings are in the main in conformity with my 
results about crossing and non-crossing of the spino-cerebellar 
tracts (cf. JANSEN and Bropat, 1954). Many authors, however. 
have reported that a small portion of the VSCT is uncrossed, 
and similarly that there is a slight degree of crossing of the DSCT. 
Though this partly may be due to species differences it is probably 
mostly due to difficulties in identification with histological 
methods. 

The type of muscle afferents giving the VSCT discharge was 
determined by using graded stimulation and judging the ingoing 
volley at the dorsal root entry zone. The discharge appeared 
with the later component of the group I volley. This component 
has been shown (BRADLEY and Eccties, 1953; Fatt, 
LANDGREN and WinsBury, 1956; Eccies, Fatt and LANDGREN, 
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1956) to make the synaptic connections that would be expected 
for Golgi tendon organ afferents. LUNDBERG and OscaRssoNn 
(1956) analysed the afferent input to DSCT neurons in terms of 
Ia and Ib volleys. When investigating the problem of Ia and Ib 
convergence to DSCT neurons it was found difficult to determine 
the relative effectiveness of the Ia and Ib components because 
little summation was needed to evoke discharges from these 
neurons. However, the VSCT neurons probably require greater 
summation (OscaRsson, 1956, to be published) and the very good 
correlation between the appearance of the second component in 
the dorsal root volley and the mass discharge strongly indicates 
that the tract neurons are discharged mainly or exclusively by 
Golgi tendon organ afferents. 

The finding that the VSCT is activated from Golgi tendon 
organs whereas the DSCT is activated from muscle spindles 
(and Golgi tendon organs) may be related to the phylogenesis 
of the two tracts. The ventral tract is found already in cyclo- 
stomes while the dorsal one is phylogenetically younger and 
appears concommitantly with the development of extremities 
and muscle spindles (LaRsELL, 1937, 1956; Tigzes, 1953). In 
animals below amphibians the only stretch receptors are probably 
analogous to Golgi tendon organs. It is not unreasonable to 
suppose that the connection between the afferents of the older 
receptors, the Golgi tendon organs, and the neurons of the older 
spino-cerebellar tract displays a phylogenetically primordial 
pattern. The younger dorsal tract, on the other hand, is activated 
from the likewise younger receptor, the muscle spindle, but also 
from Golgi tendon organs. 


Summary. 


The experiments were performed on cats under nembutal 
anesthesia. The mass discharge in the ventral spino-cerebellar 
tract (VSCT) was recorded from the cerebellar surface, the superior 
cerebellar peduncle (SCP) and from different levels of the spinal 
cord on stimulation of various hindleg nerves. The characteristics 
of the VSCT mass discharge was determined by recording from 
the surface of the SCP, where the tract is found in isolation from 
other ascending spinal tracts. 

1. A mass discharge in the VSCT appears on stimulation of 
contralateral muscle nerves but not on stimulation of skin nerves 
or ipsilateral muscle nerves. The mass discharge recorded at the 
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SCP on stimulation of thigh muscle nerves has a duration of 
about 2 msec and appears after a latency of about 5 msec. 

2. The discharge remains after contralateral hemisection of the 
spinal cord and after ipsilateral section of Flechsig’s fasciculus 
but disappears after a superficial lesion of the ipsilateral ventral 
quadrant. 

3. As judged from the ingoing volley recorded at the dorsal 

- root entry zone, the discharge is due to activation of the second 
‘component of the group I volley thus suggesting excitatory 
action from Golgi tendon organ afferents. 
\ 4. The transmission from the group I muscle afferents to the 
VSCT neurons is monosynaptic as judged from the duration of 
the synaptic delay. 

3, The conduction velocity of the fastest fibres in the VSCT 
is higher than that in the DSCT and amounts to about 120 m/sec. 

6. \The VSCT is completely or almost completely crossed whereas 
the DSCT is completely or almost completely uncrossed. 

7. Both spino-cerebellar tracts cause potentials at the surface 
of the dnterior vermis after a latency of about 5 msec on stimula- 
tion of thigh muscle nerves. The potentials due to VSCT activity 
are largest on the side contralateral to the tract indicating crossing 
of most VSCT fibres in the cerebellar commisure. 
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The Intestinal Absorption and Metabolism of 
: Chimyl Alcohol in the Rat. 


By 
SUNE BERGSTROM and ROLF BLOMSTRAND. 
Received 2 September 1956. 


The 1-monoethers of glycerol with cetyl, stearyl and oleyl 
alcohol, 7.e. chimyl, batyl and selachy] alcohol, are widely distrib- 
uted in nature. This class of compounds was first discovered 
in the unsaponifiable fraction of shark liver oil. 

Karnovsky and Brum (1955) have recently developed an 
accurate method for the determination of these glycyl ethers and 
made an investigation of their occurrance in aquatic animals. 
They have especially studied occurrance and metabolism in the 
starfish, where they occur as glycerol ether esters (viz. batyl- 
dioleate) that can constitute 15—20 per cent of the total lipids 
of an old starfish. 

In the mammal organisms glyceryl ethers have been found in 
different tissues although in relatively small amounts: bone 
marrow (HotmgEs, CorBET, GEIGER, KoRNBLUM and ALEXANDER 
(1941), spleen (PRELOG, Ruzicka and Stern 1943), testes (Prelog, 
Ruzicka and Stern 1944), aorta (HarpEGcER, Ruzicka and 
TaGMANn 1943). 

It has been suggested that they are of importance for the 
erythropoesis (MaRBERG and WILEs 1938) and the therapeutic 
effect on agranulocytosis has been indicated by several authors 
at different times (SANDLER 1949, BRoHULT and HotmBere 1954 
and Epitunp 1954). 

In order to investigate the metabolism of this type of com- 
pounds, we have prepared labelled chimyl alcohol from cetyl 
alcohol-1-“C mainly according to the procedure of Hotmgs et al. 
(1942). 
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In this paper we will report the synthesis of labelled chimyl 
alcohol and some observations on its intestinal absorption and 
metabolism. 


Experimental. 


Preparation of 1-[*C]-hexadecylglyceryl ether. Allylhexadecyl ether 
was prepared by reacting 1-[*C]-hexadecyliodide with allyl alcohol 
and sodium. The 1-[C]-cetyl alcohol used for preparation of (1-"C)- 
hexadecyliodide had earlier been synthesized by BLoMsTRAND and 
Rumpr (1954). The [“C]-labelled allylhexadecyl ether was then hydroxy- 
lated with 30% H,0, in glacial acetic acid. The acetylated hexadecyl- 
glyceryl ether was saponified with potassium hydroxide in ethanol 
and the 1[*C]-hexadecylglyceryl ether extracted with ether, washed, 
dried and recrystallized from petroleum ether (m. p. 59—60° C). The 
labelled compound had a specific activity of about 10° c. p. m. 
per mg counted with a windowless flowcounter in an infinitely thin 
layer. 


Animal technique. Adult male rats weighing about 250 g were 
used for collecting thoracic duct lymph. The procedure used has been 
described earlier by BLOMSTRAND and BorestrRém (1954). 
The rats had access to food throughout the course of the experiment. 
Immediately following cannulation, tie animals had access to 1 per 
cent NaCl; after adequate lymph flow had been established this solution 
was replaced by a 0.64 per cent solution. 

At suitable intervals after the cannulation the rats received 0.5 ml 
of olive oil containing approximately 5 mg of (1-“C)-hexadecylglyceryl 
ether (chimy] alcohol) via stomach tube during a light ether anaesthesia. 
The lymph was collected during the next 24 hours and kept frozen 
until fractionated. 

The faeces were collected in 24 hour portions and saponified with 
30 % KOH at 100° C for 2 hours. The mixture was diluted with water 
and the unsaponifiable matter extracted from the alkaline solution 
with ether. The solution was then acidified with dilute hydrochloric 
acid and the fatty acids extracted with ether. The amount of chimyl 
alcohol absorbed was calculated by taking the difference between the 
amount of radioactivity administered and the amount recovered from 
the faeces. 


Fractionation of the lymph lipids. The lymph fat was extracted with 
20 volumes of alcohol: ether 3:1. The alcohol: ether extract was 
concentrated to a small volume at 60° under reduced pressure. The 
concentrate was extracted several times with light petroleum, the 
combined extracts washed with water and again evaporated. The 
phospholipids were precipitated twice with ice-cold acetone, and finally 
dissolved in light petroleum and brought to volume. Aliquots of this 
solution were used for determination of phosphorus, fatty acids and 
fatty acid-(“C). 

It was found that 3—4 per cent of the total radioactivity in the 
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lymph was contained in the phospholipid fatty acids, the remainder 
of the activity was found associated with the acetone soluble lipids. 

In order to investigate in what form the absorbed labelled chimyl 
alcohol was present in the lymph lipids a chromatographic procedure 
for its isolation was worked out. In experiments with pure substances 
it was found that on a column of silicic acid, chimy] alcohol was eluted 
with chloroform. The chimyl alcohol thus behaved roughly like a 
monoglyceride in the procedure of Borastrém (1954) who separated 
tri-, di- and monoglycerides on silicic acid with benzene containing 
increasing percentage of chloroform. 

The acetone soluble lipids from a lymph experiment (340 mg) were 
dissolved in 10 ml of benzene and put on a column prepared from 10 g 
of silicic acid and 5 g of Hyflo Supercel. The column was developed 
with benzene and the eluate was collected in 100 ml portions, evaporated 
to dryness, the residue weighed and the isotope content determined 
by direct plating in an infinitely thin layer on aluminium planchets. 
The column was eluted with benzene until no more radioactivity was 
eluted from the column. It was then eluted with successive portions 
of benzene containing increasing percentages of chloroform. The first 
200 ml of benzene collected from the column contained the major 
amount of radioactivity put on the column. This benzene fraction 
mostly consists of triglycerides and diesters formed from chimy] alcohol 
by esterification with fatty acids. The following fractions eluted with 
benzene containing up to 70 per cent of chloroform did not contain 
any activity or significant amount of material. With 80—100 per cent 
of chloroform a significant amount of radioactivity was eluted, 1.¢. 
under conditions when free chimyl alcohol was eluted. 

In order to investigate the lipids eluted with benzene this fraction 
was saponified with 4 per cent KOH in absolute ethanol, after evapora- 
tion and acidification the total lipids were extracted into light pe- 
troleum. The fatty acids were then extracted with alkaline 50 per cent 
ethanol and then reextracted with light petroleum after acidification. 
About 50 per cent of the total lymph activity was associated with the 
fatty acids in this fraction. In the unsaponifiable material there was 
also a significant amount of activity present ranging from 8—24 per 
cent of the total lymph activity. 

. The finding of radioactivity in the lymph fatty acids suggested that 
the ether bond of the chimyl alcohol had been broken during the 
intestinal absorption process and that the cetyl alcohol moiety had 
been oxidized to palmitic acid (cf. BLomstRaND and Rumpr 1954). 
In order to test this presumption the lymph fatty acids were separated 
into saturated and unsaturated fatty acids on silicic acid after hydrox- 
ylation according to BrrestréM, BiLomsTRAND and Borestr6m 
(1954). The saturated fatty acids were then subjected to partition 
chromatography according to Howarp and Martin (1950). After 
titration of each chromatographic fraction it was plated on copper 
planchets for determination of the isotope content. Chromatography 
of the saturated fatty acids from the lymph gave the results shown 
in Fig. i, i.e. a curve where practically all the radioactivity was associ- 
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Fig. 1. Partition chromatography of saturated fatty acids from lymph glycerides 

after feeding (1-"C)-hexadecylglyceryl ether to a rat; stationary phase: paraffine 

supported on 4.5 g of hydrophobic Supercel. Moving phase: 70 % aqueous acetone. 
Titration values, solid lines; counts/min./fraction, dotted line. 


ated with the palmitic acid band. After dilution with inactive palmitic 
acid and recrystallization it was found that the specific activity re- 
mained constant. 

In order to analyze the unsaponifiable matter from the benzene 
eluate this material (30 mg) was mixed with inactive chimyl alcohol 
(100 mg) and recrystallized six times from light petroleum. The activity 
remained constant and therefore the major part of the activity in 
this fraction must have been unchanged chimyl alcohol. This chimyl 
alcohol had apparently been present in an esterified form in the lymph 
and the esterification of the free hydroxyl groups must have taken 
place during the absorption process. 


The results of the lymph experiments are summarized in Table 
1, About 95 per cent of the fed radioactivity was absorbed. The 
unabsorbed activity in the faeces was contained in the unsaponi- 
fiable fraction. Of the absorbed activity 45—59 per cent was 
recovered in the lymph lipids. The distribution of the activity 
between the different fractions in the lymph lipids showed that 
3—4 per cent of the total activity was obtained in the phospholipid 
fatty acids and 45—51 per cent of the activity in the glyceride 
fatty acids. From 45—52 per cent of the activity was present 
as chimyl alcohol of which more than half was present as free 
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Table 1. 


Recovery of radioactivity in lymph lipids after feeding C'-labelled chimyl 
alcohol dissolved in olive oil to rats with a thoracic duct fistula. 


Per cent of activity in lymph 


Per cent of | lipids recovered as: 


Per cent of | 
Rat. administered absorbed 


| 

| No. aotiviny” | activity | Chimyl alcohol | Neutral | Phospho- 
absorbed | recovered in | |fat fatty | lipid fatt 
| | lymph lipids | Free Esterified acids* | acids y 
| 

95 45 | 2 | | | 8 


1 About 3 per cent of the total lymph activity was found associated with 
the free fatty acids after chromatography of the neutral fat on Amberlite TRA-400. 


chimyl alcohol, the remainder being esterified and behaving as 
triglycerides in the chromatographic separation. 


Discussion. 


The absorption of more than 90 per cent of the fed labelled 
chimyl alcohol reveals that the chimyl alcohol is well absorbed 
in the rat. The extent of absorption of [C]-labelled chimyl 
alcohol is comparable to that found after feeding labelled cetyl 
alcohol (BLOMSTRAND and Rumpr 1954). 

From 45 to 59 per cent of the absorbed activity was recovered 
in the lymph lipids, i.e. also values that are comparable with 
those earlier found for labelled cetyl alcohol. 

A large portion of the radioactivity in the lymph lipids was 
recovered in the triglyceride fatty acids. After partition chromato- 
graphy of these fatty acids (Fig. 1) it was shown that most of 
the radioactivity could be accounted for as palmitic acid. The 
finding of labelled palmitic acid indicates that the ether bond 
in the fed labelled chimyl alcohol must have been split during 
the absorption process. The labelled cetyl alcohol moiety of the 
chimy] alcohol must then have been oxidized to palmitic acid 
during its passage of the mucosa cells as earlier has been shown 
after feeding free 1-[C]-cetyl alcohol to rats (BLOMSTRAND and 
Rumpr 1954). 

In experiments with the starfish, Karnovsky and BruMM 
(1955) were not able to find any enzymatic mechanism of splitting 
glyceryl ethers. The hydrolysis and oxidation observed in the 
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present investigation must have taken place during the passage 
through the intestinal mucosa cells. As all the activity in the 
faeces after saponification was found in the unsaponifiable frac- 
tion, neither enzymes secreted into the intestinal lumen nor 
microorganisms seem to be responsible for the observed splitting 
of the ether bond. In such a case at least a small amount of free 
palmitic acid or cetyl alcohol would have been found in the fecal 
lipids. 

From 45—52 per cent of the activity in the lymph was associated 
with chimyl] alcohol and the results suggest that more than half 
of the chimyl alcohol in the lymph was present in the free form 
and the remainder was present esterified with fatty acids. In 
this regard chimyl alcohol behaves like some other higher alco- 
hols as for instance cholesterol, which also occurs in the lymph 
in both free and esterified form (Borestrém 1951). Regarding 
the mechanism of the esterification of the free hydroxyl groups 
of the chimyl alcohol it is impossible from the present study 
to draw any conclusions and this must await further experiments. 
It seems, however, very likely that at least a small part of the 
chimy] alcohol is esterified already in the intestinal contents by 
the action of pancreatic enzymes as has been demonstrated for 
monoglycerides by Borestr6m (1954). The results must be con- 
sidered as proof that glycerol monoethers can be absorbed un- 
changed. That is of interest in connection with their structural 
similarity to monoglycerides. 

Further experiments will show in which organs the absorbed 
chimyl alcohol is deposited and how rapidly it is metabolized. 


Summary. 


Unanaesthetized rats provided with a thoracic duct fistula 
were fed [1*C]-labelled chimyl alcohol 
ether) dissolved in olive oil. 

The labelled chimyl alcohol was absorbed to 95 per cent. The 
remainder was recovered in the unsaponifiable fraction of fecal 
lipids. About 50 per cent of the absorbed activity was recovered 
in the lymph lipids. 

In the lymph lipids about half of the radioactivity was associated 
with palmitic acid, indicating a splitting of the ether bond of 
the chimy] alcohol and subsequently oxidation of the cetyl alcohol 
moiety to palmitic acid in the mucosa cells. The palmitic acid 

13—563562. Acta phys. Scandinav. Vol. 38. 
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was incorporated into the lymph triglycerides and phospholipids 
in the usual way. 

The other half of the activity in the lymph was present as 
chimy] alcohol about half of which was present as free chimy] 
alcohol. The remainder of the chimy] alcohol had been esterified 
during the absorption process and behaved chromatographically 
as a triglyceride that yielded chimy! alcohol after alkaline 
saponification. 

Chimy] alcohol is thus well absorbed but extensively meta- 
bolized already during the absorption process. 

This work has been supported by a grant from “Riksféreningen 
for Kraftsjukdomarnas bekaémpande’’. 
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Electrophysiologic and Pharmacological Obser- 
vations on Trypsin-Disintegrated Embryonic 
Chick Hearts Cultured in Vitro. 


By 
R. FANGE, H. PERSSON and S. THESLEFF. 
Received 7 September 1956. 


A suspension of living heart muscle cells is obtained by trypsin 
treatment of embryonic chick hearts (AGRELL and Persson 1956). 
The single cells and the heart muscle fragments in this suspension 
ean be cultured and will contract rhythmically in tissue culture 
for several weeks. 

The purpose of the present investigation was to ascertain the 
electrophysiologic properties and the reactions to acetylcholine of 
embryonic chick heart muscle obtained by the aforementioned 
method and kept in tissue culture. The intracellular microelectrode 
technique was used in the electrophysiologic part of the study, 
whereas in the pharmacological part the effect of acetylcholine on 
the spontaneous rhythmicity of the muscle cells was investigated. 


Materials and Methods. 


Tissue culture technique. Under sterile conditions and microscopic 
control, the hearts were removed from about 30 chick embryos of equal 
age ranging from 4 to 10 days. The atrial and ventricular parts of the 
hearts were separated, cut into pieces of about 0.5 mm*, and subse- 
quently treated separately. The tissue pieces were washed in a saline 
solution lacking calcium and magnesium (Moscona 1952) for 20 
minutes at 37° C and then placed for 15—20 minutes in saline solu- 
tion containing 2 per cent trypsin. After addition of 3 ml of the saline 
solution, the tissue was brought into suspension by sucking it up and 
down through a pipette of suitable bore. Another 10 ml of saline solu- 
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tion were added, and the cell suspension centrifuged for 10 minutes 
at 1,000 r.p.m. The cells were thereafter resuspended into a nutrient 
medium consisting of 10 per cent cell-free chick embryo extract (ob- 
tained from minced embryos by centrifugation), 20 per cent denaturated 
horse serum and 70 per cent Tyrode’s fluid. 

For the electrophysiologic experiments, the cells were cultured in 
glass chambers made of a ring covered on each side by cover glasses, 
and containing 1 ml of the suspension. For pharmacological observa- 
tions, the cells were cultured in 3.5 cm Carrel flasks containing 1.5 
ml of the suspension. The cell density was about 5 x 10° cells per ml. 
The cultures were incubated at 37° C for 24—48 hours before the 
beginning of an experiment. 


Intracellular recording. Conventional capillary microelectrodes with 
an external tip diameter of less than 0.5 yu, filled with 3 M-KCl were 
used, and the arrangements for recording were similar to those previously 
described (THESLEFF 1955). In these experiments, no effort was made 
to separate cultures obtained from the atrial part of the heart from 
those obtained from the ventricular part. Since the heart muscle cells 
in tissue culture contracted regularly at room temperature, the experi- 
ments were made at 21° C. 


Effect of acetylcholine. Acetylcholine chloride was dissolved in Tyrode’s 
fluid to a concentration of 10 g/ml. The solution was freshly prepared 
immediately before use and heated to 37° C. In each experiment 
0.1—0.3 ml of the acetylcholine solution was added to the Carrel flask. 
Thorough mixing of the fluids was obtained by gently rocking the flask. 
Simultaneously, a few rhythmically contracting cells or cell clusters 
were observed by means of a reverted microscope at a magnification 
of about 100 times. The frequency of spontaneous contraction was 
recorded on a slowly moving kymograph drum by means of a manually 
controlled magnet signal. 

Acetylcholine was considered to have inhibited the contractions in 
the observed cells when its addition to the Carrel flask caused a pause 
longer than 60 seconds, and when the addition of a corresponding 
amount of Tyrode’s fluid had no significant effect on the frequency 
of contraction. The temperature was kept constant at 37 + 0.5° C 
by means of a thermostatically controlled microscope stage. 


Results. 


Morphologic observations. During the treatment with Ca- and 
Mg-free trypsin solution the contractions of the heart cells stopped 
but reappeared within a few minutes when the cells were trans- 
ferred to the nutrient medium. When kept in suspension, the shape 
of discrete single cells was rounded, but after about two hours 
incubation they settled at the bottom of the culture vessel and 
attached themselves to the glass surface. At this time, as shown 
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in Fig. 1 A, some of the cells had a fibroblast-like appearance and 
moved actively on the floor of the glass vessel. After 48 hours’ 
incubation, the cells had the appearance shown in Fig. 1 B, and 
at this time mitotic activity had started. 


Fig. 1 A. Suspension of cells from the ventricular part of trypsin-disintegrated 
hearts of 9-day-old chick embryos after two hours in tissue culture. Fixation: 
Carnoy. Staining: Ehrlich haematoxylin. x 250. 

B. Trypsin-disintegrated heart ventricles of 6-day-old chick embryos after 
—— in tissue culturel. Fixation: Carnoy. Staining: Ehrlich haematoxylin. 
x 

C. Cell cluster obtained by trypsin-disintegration from heart ventricles of 6- 
day-old chick embryos and kept in tissue culture for 20 hours, Fixation: Carnoy. 
Staining: Ehrlich haematoxylin. x 100. 
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The clusters of cells observed immediately after trypsin .treat- 
ment emanated from strands’of embryonic heart tissue which 
were particularly resistent towards trypsin digestion. Their shape 
was initially rounded, but after some hours in tissue culture they 
became flattened out by extending pseudopodium-like appen- 
dages, as shown in Fig. 1 C. Like single cells, they showed rhyth- 
mic contractions. The cell clusters may have a syncytial struc- 
ture, since no cell membranes were detected in silver nitrate or 
in fixed and haematoxylin stained preparations. 


Electrophysiologic properties of heart cell clusters. It proved 
possible to obtain intracellular recordings from rhythmically con- 
tracting cell clusters but not from discrete single celis. The micro- 
electrode tip was considered to have penetrated the membrane 
of a cell cluster when a sudden negative potential was established, 
and when an action potential with “overshoot’’ occurred. According 
to these criteria, successful intracellular recordings were made 
from a total of 41 cell clusters obtained from tissue cultures of 
4, 5, 6 and 8-day-old embryonic chick hearts. 

Since the cell clusters contracted rhythmically, the membrane 
potential continuously changed. Measurements of the membrane 
potential were made at the points marked by 1, 2, and 3 in Fig. 
2 A. In 41 clusters the mean membrane potential at point 1 was 
— 43.3 + 1.84 mV (S.E. of mean). In 30 clusters, the membrane 
potential at point 2 was less than at point 1, 7. e. a “prepotential” 
similar to that shown in Fig. 2 A was recorded. The mean value 
for the “prepotential’’ was 11.4 + 0.60 mV. In 11 clusters which 
were all obtained from tissue cultures of 8-day-old embryonic 
chick hearts, no “prepotential’’ was observed, as is shown in Fig. 
2 B. The mean membrane potential at point 3 was + 16.5 + 
1.18 mV in the 41 clusters. Th® average duration of the action 
potential was 0.4 sec. (0.2—1.0 sec.). 

In a number of experiments the rhythmic contractions of the 
cell clusters stopped shortly after insertion of the microelectrode 
tip. In these cases, the membrane potential remained constant for 
some time but then underwent rhythmic and steadily increasing 
depolarization. This oscillatory instability of the membrane either 
gave rise to an action potential, as shown in Fig. 3, or subsided 
and sometimes reappeared. When these cell clusters were observed 
with a binocular microscope at 80 x magnification, it was seen 
that asynchronous movements occurred in the cellular elements 
of the cell clusters during the phase of a steady membrane po- 
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Fig. 2. Intracellular recording of the membrane potential of spontaneously con- 

tracting heart cell clusters obtained by trypsin-disintegration and kept in tissue 

culture for 24 hours. A. Cell cluster originating from 5-day-old chick embryos, 
and B. from 8-day-old. Calibration mV. Time 0.1 sec. 


tential. When oscillatory potential changes were recorded, the 
moveménts became more synchronized and, finally when an action 
potential was elicited, the whole cell cluster contracted. 
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Fig. 3. Intracellular recording of the rhythmic instability of the membrane potential 

which initiated spontaneous rhythmic contractions in heart cell clusters. The 

cell clusters originated from hearts of 6-day-old chick embryos, and had been 

kept in tissue culture for 24 hours. Calibration mV. Time in upper record 0.1 sec., 
in lower record. 1.0 sec. 


To investigate whether the cell clusters behaved electrically as 
a syncytium or as a number of separate cells, two microelectrode 
tips were inserted into the same cluster at a distance of about 
0.1 mm apart. A current pulse was applied through one of the 
microelectrodes, and the resulting change in membrane potential 
was recorded by the other electrode. As shown in Fig. 4, an 
inward current pulse caused an electrotonicspread of hyperpolariza- 
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Fig. 4. Intracellular recording in a heart cell cluster of the changes in membrane 

potential caused by a current pulse applied through the tip of an intracellular 

microelectrode at a distance of 0.1 mm from the recording electrode. A. Effect 

of an inward current pulse. B. Effect of an outward current pulse. Calibration mV. 
Time 20 msec. 


tion, whereas an outward current led to membrane depolariza- 
tion with a resulting action potential. 


Effects of acetylcholine. Discrete contracting single cells showed 
inconsistent reactions to acetylcholine, probably due to their 
great sensitivity to changes in the surrounding medium. In many 
instances the addition of Tyrode’s fluid without acetylcholine 
stopped the rhythmic contractions. Spontaneous periodic pauses 
similar to those described by Luctani (1873) in frog heart ventricles 
also occurred. 

The reactions of about 300 heart cell clusters obtained from 
embryos aged 5—10 days were studied (Table 1). A marked dif- 
ference was observed in the behaviour of cell clusters deriving 
from disintegrated atria as compared to those of ventricular 
origin. The average frequency of contractions in the former was 112 
and that in the latter 30 per minute. Whereas the activity of 61 
per cent of the atrial cell clusters was stopped by acetylcholine, 
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Table 1. 


Effect of acetylcholine chloride in a concentration of 10-* g/ml on cell 
clusters obtained by trypsin-disintegration of the atrial and ventricular 
parts of chick hearts at different embryonic age. 


| | | 
| | 

ay | Per cent of cell | 
Origin of cell Total no. clusters inhibited | 


Embryonic 
age in days | clusters | of cell clusters | by ACh | 
| 
5 20 Uncertain 
6 68 59 
8 Atrium 30 73 
9 Atrio 33 88 
Ventricle . 20 5 


only about 3 per cent of the ventricular ones were affected. Those 
ventricular cell clusters which were sensitive to acetylcholine 
derived from embryos of 9 and 10 days of age. It is also seen 
from Table 1 that a greater precentage of atrial cell clusters were 
inhibited by acetylcholine in the later stages of embryonic develop- 
ment than in the earlier ones. 

The inhibition of rhythmic contractions produced by acetyl- 
choline lasted for 60 sec. or more, and was usually followed by 
a period of irregular or slightly accelerated contraction. 


Discussion. 


It is reported by Moscona (1952) that discrete cells and tissue 
fragments obtained by trypsin treatment. of embryonic tissue can 
be kept viable in tissue culture. In the present investigation, 
viable tissue cultures. of embryonic chick heart muscle were 
prepared. In these cultures the rhythmic contractions of the heart 
muscle cells were maintained and mitotic activity occurred. The 
values for the membrane potential obtained by intracellular 
recording from cell clusters in tissue culture were in good agree- 
ment with those previously. observed in the intact embryonic 
chick heart by Finer, Woopspury and Hecurt (1952). 
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According to WEIDMANN (1951 and 1956), a “prepotential”’ 
precedes the action potential in the adult heart only in the pace- 
maker region and in the conductive system. In the present in- 
vestigation, a “prepotential” was recorded in all cell clusters ob- 
tained from embryos younger than 8 days. This probably is an 
indication that, in the early stages of embryonic development, 
a large part of the heart muscle has properties similar to those 
of the conductive tissue in the adult heart. 

In some instances the rhythmic contractions of the cell clusters 

stopped shortly after insertion of the microelectrode tip. When 
the rhythmic contractions reappeared in these clusters, they were 
preceded by, and as it seemed started by, spontaneous and oscil- 
latory depolarization of the cell menbrane. A similar observation 
has previously been made with external recording by BozLER 
(1942—43) and shows that spontaneous rhythmicity may originate 
from oscillatory fluctuations of the membrane potential. 
_ No cell boundaries could be demonstrated histologically in the 
cell clusters, and an inward current pulse, when applied from 
an intracellular electrode, caused an electrotonic spread of potential. 
On the basis of these findings, it seems reasonable to infer that 
the cell clusters have a syncytial structure. 

The effect of acetylcholine on the embryonic heart is possibly 
influenced by the presence of innervation. According to ARM- 
STRONG (1935), this substance has no effect on the heart of Fun- 
dulus embryos at an early stage before innervation. GARREY 
(1937) found that acetylcholine in physiologic concentrations had 
no effect on embryonic chick heart muscle in tissue culture, and 
concluded that the heart muscle itself, in the absence of nerves, 
was refractory to the inhibitory effect of acetylcholine. Frnet, 
Woopsury and Hecut (1952) found, in contrast to these ob- 
servations, that acetylcholine affected the embryonic chick heart 
muscle before the development of innervation. 

According to ABEL (1912), the embryonic chick heart is reached 
by vagal fibres at an age of 5 days. It is therefore possible that 
in the present investigation the embryonic heart muscle was in- 
nervated before trypsin-disintegration took place. 

It seems reasonable to assume that the atria are reached by 
nerves at an earlier embryonic stage than are the ventricles. If 
innervation plays a role in the sensitivity of the heart muscle to 
acetylcholine, the atrial muscle cells could be expected to be 
more sensitive to acetylcholine at the embryonic stage than those 
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of the ventricles. In the present investigation, the cell clusters 
obtained from the atrial part of the heart reacted to considerable 
extent (61 per cent) to acetylcholine, whereas cell clusters from 
the ventricle were completely unreactive to acetylcholine at the 
earlier embryonic stages (younger than 9 days). Consequently the 
results of this investigation indicate that innervation may in- 
crease the sensitivity of the heart muscle cells to acetylcholine. 


Summary. 


A suspension of living heart muscle cells has been obtained by 
trypsin treatment of embryonic chick hearts, and subsequently 
kept in tissue culture. 

Both discrete single cells and cell clusters were observed in the 
tissue culture. Histologic preparations and electrophysiologic 
evidence indicated that the cell clusters have a syncytial structure. 

The electrophysiologic properties of clusters of heart muscle 
cells in tissue culture have been investigated with the intracellular 
microelectrode technique. 

The values for the resting and action potentials in cell clusters 
are found to be of the same magnitude as those reported by other 
investigators in the intact embryonic chick heart. 

In cell clusters obtained from embryos younger than 8 days, a 
“prepotential” always preceded the action potential. 

When occasionally the spontaneous contractions of heart cell 
clusters temporarily stopped it was observed that oscillatory 
fluctuations of the membrane potential initiated the appearance 
of contractions. 

The effects of acetylcholine on the spontaneous frequency of 
contraction of cell clusters have been investigated. The spontaneous 
contractions of cell clusters deriving from the ventricular part 
of embryonic chick hearts were rarely (4 out of 110 clusters) 
inhibited by acetylcholine in a concentration of 10 g/ml. The 
contractions of cell clusters obtained from the atrial part of the 
hearts were stopped to a considerable extent (115 out of 169 
clusters) by this concentration of acetylcholine. 
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Embryonal [ron Turnover. 
By 
G. v. EHRENSTEIN and G. HEVESY. 
Received 7 September 1956. 


VospuRGH and FLEXNER (1950) were the first to inject 
labelled iron as FeCl, into the circulation of the guinea-pig and 
to study the passage of radioiron through the placenta. The amount 
of iron passed into the foetus of the guinea-pig varied between 
16 and 119, with an average of 56 micrograms of iron per gram 
of placenta per day. They found no correlation with gestation 
age. This finding induced them to suggest that the passage of iron 
across the placenta appears to involve a different mechanism 
than that which is concerned with other substances which they 
studied. The rate at which water, sodium and inorganic phosphate 
cross a unit weight of the guinea-pig’s placenta increases about 
10 times during the last half of pregnancy. This increase of rate 
is correlated with thinning of the barrier between maternal and 
foetal circulation and increased area of exchange, and is in the 
predicted direction if the process is essentially diffusion. Iron, 
however, crosses the placenta at a rate which shows no correlation 
with the duration of pregnancy, 7. e. there is no evident difference 
between the rates in early and late stages. In addition, there may 
be a considerable difference in the amount of iron transferred 
to members of the same litter during the course of the experiment. 
They emphasize that these characteristics of iron transport 
across the placenta suggest the existence of a rather complex 
regulatory mechanism which may be analogous to that con- 
cerned with the absorption of iron from the gastrointestinal tract, 
since ferritin has been demonstrated in the placenta of the guinea- 
pig by Latuam and VossurcH (1950) and in the human placenta 
by Mazur et al. (1955). The above view recently received 
much support by the work of W6HLER (1955), discussed by him 
and by HEeILMEYER (1956). WOHLER injected 1.25 mg of labelled 
ferrosulfite into the circulation of pregnant rabbits, and found 
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the ferritin extracted from the placenta to show a marked radio- 
activity already 40 minutes after injection. He demonstrated 
furthermore the marked dependency of the total iron. content 
of the placenta and the foetal plasma iron on the plasma iron 
content of the mother, in contrast to the ferritin content of the 
placenta. The latter varied to a restricted degree only with a 
varying maternal plasma iron level. From these observations he 
followed that much of the maternal plasma iron reaches the 
embryo after being previously incorporated into ferritin of the 
placenta. 

We wished to study iron metabolism at an early stage of preg- 
nancy in which the liver of the embryo is to a large extent involved 
in hemopoiesis, furthermore the effect of exposure to radiation 
on iron turnover in the pregnant rabbit. 


Plasma samples of control and irradiated rabbits obtained 21 days 
after mating, were incubated at 37° C for 20 minutes with 0.5 micro- 
grams of iron as citrate labelled with **Fe of 5 microcurie of activity per 
one ml plasma, and then reinjected. The animals were killed 11.5 to 17 
hours after injection. The activity and iron content of the plasma of the 
mother, total iron and activity of the livers of the mother, and the 
foetus and the specific activity of their liver-ferritin was then deter- 
mined. We measured also the specific activity of the circulating hemo- 
globin and of the hemoglobin present in the nuclear fraction of the liver 
of mother and foetus. The amount of radioiron found in the embryos 
after removal of the liver was determined as well. The weight of the 
rabbits varied between 3.2 and 4.1 kg, the number of embryos between 
4 and 11, their aggregate weight between 11 and 58 g, and the aggregate 
liver weight of the embryos between 1.4 and 5 g. 

After wet ashing of the samples to be investigated, a known aliquot 
of the sample was used for colorimetric determination of its iron con- 
tent. The iron determinations were made essentially according to the 
sulfosalicylic acid method by Lorper (1927). Another known aliquot 
of the ashed sample, after bringing its iron content up to 500 micro- 
grams by adding FeSO,, was precipitated as sulphide and filtrated 
through perforated aluminium dishes covered with filter-paper, as 
described previously by AGNER et al. (1954), prior to placing the dish 
under the Geiger counter. 

The livers of the animals were homogenized in 9 vol. 0.25 molar 
sucrose containing 0.0018 m CaCl,, centrifuged for 10 min. at 2,000 
r p. m. (Internat. refrigerated centrifuge horizontal head No. 269), 
and the ferritin was precipitated from the supernatant by addition 
of half a volume of ammoniumsulphate. The precipitate was taken 
up in water and repeatedly fractionated with ammoniumsulphate. The 
precipitate was then dissolved in water, heated to 70° C for a few 
minutes and the cold solution filtered: The filtrate, which contained 
the ferritin, was then analysed. 
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The hemin of the purified red corpuscles was extracted with 
a mixture of acetone and HCl (10 ml 20 p. c. HCl in 1 liter of 
acetone). It was twice recrystallized from acetic acid and the 
crystals were washed with diluted HCl. The non-water soluble 
hemoglobin of the liver fraction was obtained from thoroughly 
purified nuclei, prepared according to Hogeboom-Schneider as 
described by BoNNICHSEN, EHRENSTEIN and HeEvesy (1956). 


Results. 


It has been shown repeatedly (HENNESSY and Hurr 1950, 
Hurr, BeTHarD, Garcia, RoBERTS, JACOBSON and LAWRENCE 
1950, BreLcHEeR, GILBERT and LamMeERTON 1954, BoNNICHSEN 
and Hevesy 1955 a) that about one day or later after 
exposure of the animal to radiation the incorporation of ™Fe 
into hemoglobin being strongly depressed, more **Fe makes its 
way into the liver and other non-hemopoietic organs than in 
non-exposed controls. To the same reason is due, at least partly, 
the enhanced passage of the mother injected **Fe into the embryo 
of exposed rabbits, as seen in Fig. 1. A comparison of the **Fe 
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uptake by the liver of the mother and the embryo in control and 
exposed rabbits is made difficult by the varying number of em- 
bryos and thus of the embryonal livers and their weight in the 
different experiments. The conspicuous concentration of **Fe in 
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the embryonal liver is however clearly demonstrated by Fig. 2. 
This in spite of the much lesser weight of the embryonal liver 
(2, 5, 2, 1.4, 1.5, 2.0, 2.0 and 3.9 g) than that of the maternal 
liver (86, 138, 128, 170, 95 and 100 g). The uptake of **Fe by the 
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Fig. 3. Percentage injected Fe and total iron present in the maternal and foetal 
liver. 


maternal and foetal liver and their iron content is compared 
in Fig. 3 while Fig. 4 demonstrates the ratio of **Fe uptake 
by 1 g of foetal and 1 g of maternal liver, this ratio reaching a 
maximum figure of 204 and having a mean value of 143. 
The ratio of the mean specific activity of the maternal liver 
14—563562. Acta phys. Scandinav. Vol. 38. 
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Fig. 4. Ratio of **Fe uptake by Fig. 5. Ratio of thes pecific acti- 
embryonal and maternal liver vities of embryonal and mater- 
of equal weight. nal circulating hemoglobin. 


ferritin iron and total liver iron was found to be 1.2, that of the 
corresponding figure for the embryo 1.0. In view of the fact 
that the blood content of the liver cannot be fully removed, no 
conclusion can be drawn from the above difference. 


Circulating hemoglobin. 


For the above-mentioned reason the ratio of the specific ac- 
tivities of the hemoglobin iron of the embryo and the mother, 
as seen in Fig. 5 is larger in the exposed animal than in the control 
rabbit (mean ratio = 1.66). When comparing the percentage of 
activity present in the maternal organism at the end of experiment 
with the activity of 1 ug hemoglobin iron, the data seen in Fig. 
6 are obtained, while Fig. 7 shows the corresponding figures for 
the embryonal organism. Both figures indicate depressed hemo- 
poiesis. 


Liver Nuclear hemoglobin. 


As found by Bonnicusen and Hevesy (1955 b.) the nuclear 
fraction of the liver contains small amounts of hemoglobin in- 
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Fig. 6. Percentage of the activi- Fig. 7. Percentage of the activity 
ty of 1 pg maternal hemoglobin of 1 wg embryonal circulating 
in the total maternal activity at hemoglobin in the totalembryon- 
the end of the experiment x 10*. al activity at the end of the 


experiment x 10?. 


extractable with aqueous solution. The depressed hemopoiesis of 
this hemoglobin fraction in the embryo of the exposed rabbit is 
seen in Fig. 8. The specific activity of the iron of this fraction 
is much smaller than that of the iron of circulating hemoglobin 
in the maternal organism, but appreciably larger in the embryo 
(cf. Fig. 9). 

Presumably hemoglobin synthesis takes place besides in the 
cytoplasm of the hemopoietic liver cells in their nuclei as well. 
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Fig. 8. The activity of 1 :g embryonal nuclear hemoglobin Fe in p. c. of the total 
embryonal activity x 10°. 


144—563562. Acta phys. Scandinav. Vol. 38. 
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Fig. 9. Ratio of the specific activity of nuclear hemoglobin Fe and circulating 
hemoglobin Fe. 


It is of interest in this connection to recall the finding of Srerv, 
ALLFREY, Mirsky and SAETREN (1952), according to which almost 
‘/, of the hemoglobin of the avian nucleated red corpuscles is 
present in the nuclei. 

In our experiments during the purification process of the 
nuclei, the water soluble hemoglobin, present possibly in ap- 
preciable amounts, may have been removed, in contrast to the 
small amounts of water insoluble hemoglobin which amounted 
to not more than 4.1 mg in our maternal and 17.5 mg in our 
foetal samples. It was found in a previous investigation (BoN- 
NICESEN (1956)) that the radiation sensitivity of the nuclear 


day, 


Se’ 
with 
days 

Ex 
amou 
in ne 

Ser 
embr 

Th 
nucle 
circul 
embr 

Ex 
depre 
hemo 
obser 

Th 
suppc 
sjukd 
Alice 


4 
AGNEI 
In 
BELCE 
19! 
Bonn 
- G. 
un 
Henn 
Hurr, 
JAC 


ng 


EMBRYONAL IRON TURNOVER. 191 


hemoglobin becomes very marked after the lapse of about 1 
day, as does that of the circulating hemoglobin. 


Summary. 


Seventeen hours after labelling the circulating iron-7,-globulin 
with ®**Fe, 14—34 p. c. of the labelled iron is found in the 21 
days old foetus of the rabbit. 

Exposure of the rabbit to 500 r of X-rays increases the 
amount of 5*Fe passing the placenta to almost twice the value 
in non-exposed animals. 

Seventy-three—eighty-three p. c. of the **Fe content of the 
embryo is found in the liver. 

The specific activity of the hemoglobin iron present in the 
nuclear fraction of the liver amounts to one fourth of that of the 
circulating hemoglobin in the maternal, to about twice in the 
embryonal organism. 

Exposure to radiation one day prior to labelling the plasma 
depresses the fraction of embryonal **Fe incorporated into the 
hemoglobin of the nuclear liver fraction to about half of the value 
observed in non-irradiated rabbits. 

The valuable assistance of Miss Jurra ScHLiack and the generous 
support of this investigation by the Riksféreningen fér kraft- 
sjukdomarnas bekiéimpande, Cancernimnden and the Knut och 
Alice Wallenbergs Stiftelse is gratefully acknowledged. 
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Maximal Oxygen Intake, Body Size, and Total 
Hemoglobin in Normal Man. 


By 
WILHELM von DOBELN. 


(Received 14 September 1956.) 


If the maximal physical power of an animal is related to its 
body weight, good reasons exist which substantiate the assumption 
that the power is a linear function of the body weight raised to a 
power which is less than one. Hii (1949), in an analysis of the 
muscular dynamics of animals of different size, stated that the 
“intrinsic speed of a muscle has to vary inversely with length”. 
The speed of shortening at which maximal mechanical power is 
developed, however, is a constant fraction of its intrinsic speed. 
Because the strength of a muscle is approximately constant per 
unit section area, this means that in animals of similar build, the 
maximal power will be approximately constant per unit body 
weight raised to a power close to 2/3. 

Hit concluded his analysis with some remarks about the com- 
parative physiology of the heart muscle, viz. “indeed, all the 
dimensional relations referred to in voluntary muscle have their 
counterpart in the heart. The principles of similarity may not be 
precisely applicable in all detail, but they provide a general 
guide to the comparative physiology of the heart which could 
scarcely be found elsewhere.” 

In an earlier paper (v. DépeLN 1956) I postulated that the 
same conclusion of a relationship between power and size must 
be drawn if the equation of Bernoulli is applied to the work of 
the heart. The proof of this can be shortly summarized as follows. 
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The energy required for the expulsion of a given volume of 
blood can be calculated according to the formula of Bernoulli 
and can be put in the following form: 


By = 


Here, E,,, is the energy delivered by the heart for the ex~ulsion of 
the volume V of blood, p denotes blood pressure in the ostium 
through which the blood is expelled, D is the density of the blood, 
and v is the velocity of the blood in the ostium. 

The energy delivered by the heart can also be expressed as a 
function of V, according to the Fick principle. 

Ey = 

Here F, is the fraction of V that is deflected to the heart through 
the coronary vessels, and k is a constant expressing the caloric 
value of one unit volume of V and the mechanical working effi- 
ciency of the heart muscle. 

From the two equations given for the energy of the heart, we 
obtain: 


= pV +) D-V-v8 


The equation can be divided by V, and consequently the coronary 
blood flow can be expressed as a function of p and v. 


‘py 
k  2°k 
If the equation is written in a more complete form, including terms 
for the energy output of both the right and the left heart, we can 
insert actual values for p, k, and D, and obtain an expression for 
F. as a function of the linear velocity of the blood in the aortic 
ostium. For two different values of blood pressure in the aortic 
ostium (100 and 200 ml Hg) we obtain the parabolas shown in 
Figure 1. The function illustrated in this Figure is apparently 
valid independently of the size of the heart because the formula 
does not include any term or factor related to the heart size. The 
consequence is that in hearts working against the same blood 
pressure and being anatomically uniform in the sense that the 
coronary flow is a given percentage of the total blood flow, the 
maximal linear velocity of the blood in the aortic ostium during 
the period of expulsion is the same independent of the size of the 
heart. Probably it is in the order of size of 5 meters/sec. This 
means that the maximal cardiac output, and consequently the 
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Fig. 1. Relationship between linear velocity of blood in the aortic ostium (v) in 
meters/sec. and percentage of total blood flow deflected to the heart through the 
coronary vessels, at the blood pressure of 100 and 200 mm Hg in the aortic ostium. 
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maximal power of the entire animal, is proportional to the cross- 
sectional area of the aortic ostium. Therefore, in uniformly built 
organisms the maximal power is proportional to the total body 
weight raised to the power 2/3. 

The relationship found is based on simple physical principles 
and is not due to biological adaptation. If we are interested in 
biological differences in the powers of organisms, we must reduce 
the influence of body size by applying the relationship power = 
= k-+M”*. Here M denotes body mass. 

In any one species the measure for M which is related to the 
total power cannot be the total body weight because, in intra- 
specific comparison, differences in the amount of adipose tissue 
greatly influence the total body weight without affecting the 
maximal power. The amount of adipose tissue, however, can be 
measured with a reasonable degree of accuracy by hydrostatic 
weighing. 

In earlier studies of KJELLBERG, RUDHE and SJ6sTRAND (1949), 
Asrranp (1952), and SséstRaND (1953), the maximal power of 
human subjects has been related to the total amount of hemoglo- 
bin. It has been clearly shown that this is the best parameter 
hitherto available for predicting the maximal power of human 
subjects. The object of this paper is to investigate the statistical 
relationship between the three factors of maximal oxygen intake, 
total hemoglobin and (body weight minus adipose tissue)". 


Methods and Material. 


The methods used for hydrostatic weighing, and for measuring 
maximal power in terms of oxygen consumption per unit time, are 
given in an earlier paper (voON DéBELN 1956). The amount of total 
hemoglobin was measured by the carbon monoxide method of 8J6- 
STRAND (1948). 

In all 33 male and 32 female subjects were tested. The material 
was essentially the same as was used in the earlier study quoted above. 


Results. 


In Figure 2 maximal oxygen intake values obtained in the 
various subjects are plotted against the respective values for 
body weight minus adipose tissue. In Figure 3 the maximal oxygen 
intake values are expressed against the total amounts of hemoglo- 
bin of the subjects. 
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Fig.2. Relationship between body weight minus weight of adipose tissue 
(M—F/0.62) and maximal oxygen intake. Black circles —males; white circles — 
females. 


I have calculated the value of the exponent n in the equation 

metabolic rate = k (weight — adipose tissue)". 

In the calculation of the best straight regression line of the 
logaritamic values, the value of the exponent was found to be 
0.71 + 0.082. This means that there is no significant difference 
between the theoretically derived value for the exponent and that 
empirically found in our material. The value of the exponent, 
however, is significantly lower than one. 

The correlation coefficient between (wéight — adipose tissue)”* 
and maximal oxygen intake was found to be 0.756 + 0.053, and the 
correlation coefficient between total hemoglobin and maximal 
oxygen intake, 0.725 + 0.059. Apparently there is no significant 
difference in accuracy in the prediction of maximal oxygen intake 
in our material whether (weight — adipose tissue)’* or total 
amount of hemoglobin is used as parameter. The correlation 
coefficient between (weight — adipose tissue)** and total amount 
of hemoglobin was also calculated and found to be 0.845 + 0.036. 

From these figures the partial correlation coefficient between 
total amount of hemoglobin and maximal oxygen intake, elim- 
inating the influence of body size, has been calculated and found 
to be 0.246. The probability that this figure differs from zero is 
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Fig. 3. Relationship between maximal oxygen intake and total amount of 
hemoglobin. Black circles — males; white circles — females. 


close to 0.05. This means that the main reason for the correlation 
between total hemoglobin and maximal oxygen intake is that the 
total amount of hemoglobin is related to body size. 


Summary. 


(1) From theoretical reasoning the maximal energy output of 
humans may be expected to be a linear function of (weight — 
adipose tissue)””. 

(2) In a material of 65 human male and female subjects the 
value for the exponent was empirically found to be 0.71 + 0. 056. 

(3) The correlation coefficient between (weight — adipose 
tissue)”* and maximal oxygen intake, though slightly higher, 
was not significantly different from the correlation coefficient 
between total hemoglobin and maximal oxygen intake. 

(4) The total amount of hemoglobin was correlated with (weight 
— adipose tissue)** witha correlation coefficient of 0.85. The partial 
correlation coefficient between total hemoglobin and maximal 
oxygen intake after elimination of the influence of body size was 
0.25. 
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Renal Blood Flow in Experimental 
Hydronephrosis. 
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The effect of complete, ureteral occlusion on renal blood flow 
has been the subject of investigations by several workers, and a 
general finding has been a progressive decrease in blood flow 
through the hydronephrotic kidney. Judging by the different 
reports, however, there seem to be a rather wide variation in the 
degree of circulatory impairment. This may to some extent be 
due to the marked difference between species, when the patho- 
genesis of hydronephrosis is concerned. These phenomena have 
been thoroughly studied by Hinman (1937 and 1945). Another 
important factor that may influence the results is the method 
of estimating blood flow. 

GuoRYEB (1914) in perfusion experiments on isolated rabbit 
kidneys observed a marked decrease of flow through the kidney, 
the ureter of which had been ligated. When the occlusion, how- 
ever, was released within less than one week, the flow returned to 
normal. Maatz and KricGerR (1937) in experiments on dogs, 
using different methods of measuring blood flow in the intact 
animal, found a decrease of only about 25 per cent in the hydro- 
nephrotic kidney after three weeks stasis, compared with the 
contralateral kidney. Radiographic methods of evaluating renal 
circulation were used by HeRDMAN and Jaco (1950) who reported 
a progressive diminution of blood flow during the period from one 
week to 60 days after ureteral occlusion; the degree of reduction 
was not given, however. 
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In studies on a large series of rabbits IpBoHRN (1956) correlated 
the roentgenographic findings after a known period of ureteral 
stasis with renal function and with the pathologico-anatomic 
changes. He found a rapid decrease of renal artery caliber during 
the first two weeks, followed by a less marked decrease up to 14 
weeks, after which time the caliber persisted at a fairly constant 
level of 50—60 per cent compared with the preoperative value. 
The present investigation was performed in order to see whether 
comparable results would be obtained when the blood flow was 
measured directly. 


Methods. 


The material includes experiments on 39 rabbits of 1.8 to 3.9 kg 
body weight. Ureteral ligation was always made on the left side. The 
ureter was reached by the retroperitonal route and ligated doubly 
with silk ligature. Blood flow was measured directly on both sides 
in acute experiments. The animal was anaesthetized (nembutal 30 
mg/kg i. v.) and the abdomen opened by a midline incision. After 
evisceration the middle portion of the vena cava was prepared free 
by ligating and cutting all branches but for the two renal veins. The 
vena cava was then ligated and cut according to fig. 1, so that the blood 
flow from each kidney could be measured separately without having 
subjected the kidneys and the renal veins to any direct manipulations. 
(Previous experiments had shown that direct cannulation of the 
renal veins gave most varying flow values because of contraction of 
the veins due to the mechanical irritation.) The flow was measured 
simultaneously on both sides in consecutive one minute periods. The 
blood was continuously reperfused into a jugular vein (heparin 1 ml 
5 per cent had been given to the animal before the actual experiment 
started). Arterial blood pressure was recorded from a carotid artery 
and kept at an approximately constant level by the reperfusion (all 
flow values obtained at a blood pressure below 60 mm of mercury were 
discarded). During the experiment the body temperature usually fell 
2—3 degrees C from the original 39 degrees. 

By this method the flow values for the different periods were re- 
markably constant, even if the experiment was run for more than 
one hour. On the average, blood flow was measured during 15 minutes. 
In most of the experiments on hydronephrotic animals, the renal pelvis 
of the obstructed kidney was opened and the pressure and quantity 
of the fluid measured; the blood flow being recorded before and after 
this procedure. Kidney weights were obtained after the experiments. 


Results. 


The blood flow values obtained from 8 controls were 5.34 + 0.26 
for the right kidney and 5.58 + 0.34 for the left, expressed 
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Fig. 1. A schematic drawing of the method of collecting renal blood. The vena 
cava is ligated between the inlet of the two renal veins. The vena cava is cut above 
and below, and polythene tubes are inserted in the thereby formed blood reservoirs. 


in ml/min/kg body weight. The corresponding figures after left 
ureteral ligation, all 31 animals taken together, were 7.35 + 0.39 
and 2.62 + 0.17 respectively. The mean values for the controls 
and after different periods of stasis are represented diagramatically 
in fig. 2. Already after one weeks stasis there is a considerable 
decrease of blood flow through the obstructed kidney; but at the 
same time there is a corresponding increase in the values for the 
contralateral kidney. This tendency is getting still more marked 
up to 4 weeks stasis, while longer periods of obstruction do not 
seem to alter the conditions further. After drainage of the ob- 
structed renal pelvis the blood flow increases on the hydronephrotic 
side, while the other kidney shows a corresponding decrease in 
blood flow, the mean values being 3.19 + 0.12 and 6.24 + 0.37 
respectively. When the values are compared with those for the 
control series, the blood flow of the left kidney is reduced to 
about 40 per cent. When the blood flow of the left kidney is 
expressed as a percentage of that through the right, however, 
the reduction is still more marked; reaching a minimum value of 
about 25 per cent. 
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Fig. 2. The mean values of blood flow through the two kidneys of control series 

and at the different periods of obstruction. The dotted lines give the corresponding 

values after drainage of the left renal pelvis. (Figures in brackets represent number 
of animals in each group.) 


The average kidney weights are shown in fig. 3. There is a 
marked increase in weight of the obstructed kidney during the 
first 3 weeks after ligation of the ureter. After longer periods of 
stasis there seem to be a slow decrease (in only one animal, at 
17 weeks, there was a marked increase). As for the other kidney 
there seems to be a slight, progressive increase of weight. 

The pressure and the quantity of the pelvic fluid are given 
in fig. 4. Judging by this relatively small material the pressure 
rises during the first two weeks of obstruction, after which there 
is a progressive reduction. The quantity of pelvic fluid reaches its 
maximum value at 6 weeks after ligation of the ureter. 


Conclusions. 


The values for blood flow through the kidneys of control ani- 
mals, 7. e. between 1.3 and 2.1 ml/min/g renal tissue, are in fairly 
good accordance with other reports on the rate of normal, renal 
blood flow. No conclusions can, however, be drawn from the 
present investigation concerning normal blood flow, as the estima- 
tions were made under highly unphysiological conditions. The 
main interest was, however, to compare the rate of blood flow 
through differently treated kidneys under standard conditions. 
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Fig. 3. The average weights of the two kidneys in control series and after ligation 
of the left ureter. 


The observation that ligation of the ureter leads to a marked 
impairment of renal circulation is in accordance with previous 
investigations on the subject. The decrease in blood flow reaches 
the minimum value already within the first few weeks of obstruc- 
tion. This reduction is partly caused by the increased intrapelvic 
pressure; but the main reason is probably the structural changes 
of the renal parenchyma. The compensatory increase of circulation 
in the other kidney, which has also been demonstrated by previous 
workers, was found to be pronounced. In fact, the flow through 
the right kidney increased to such an extent as to compensate 
for the decrease in the left kidney. Nothing definite can be said 
about the mechanism of this well balanced compensatory increase; 
but the experiments with acute release of intrapelvic pressure 
suggest a rapidly working mechanism. The compensatory increase 
in weight of the contralateral kidney was slight in the present 
series. It is likely that this increase, if any, is secondary to the 
improved circulation. The weight of the hydronephrotic kidney 
had reached the maximum value at 3 weeks after ureteral ob- 
struction. According to Idbohrn’s series the decrease started 
already after one week while Strona (1940) stated that the paren- 
chymal weight increased during the first 2 months of obstruction. 
The pressure of the pelvic fluid started to fall already after 2 
weeks, while fluid quantity increased up to 6 weeks. These figures 
agree fairly well with those given by Ponrick (1910). 
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Fig. 4. Pressure and quantity of the fluid in the obstructed renal pelvis. 
Individual experiments are represented by dots; the mean curves are drawn. 


Summary. 


Renal blood flow has been estimated by measuring the venous 
return from both kidneys simultaneously in acute experiments 
on rabbits. 

Control experiments showed no significant difference between 
the two normal kidneys. 

From 1 to 17 weeks after ligation of one ureter the blood flow 
was reduced to about 40 per cent on the obstructed side while 
there was a corresponding increase on the other side. The altera- 
tions developed rapidly during the first week and were fairly 
constant after the fourth week of obstruction. 

Kidney weight increased markedly on the obstructed side 
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during the first three weeks while there was a slight increase only 
on the other side. 

Pelvic fluid pressure increased during the first two weeks 
whereafter a slow fall was observed. The quantity of fluid, on the 
other hand, increased up to the sixth week. 
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